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INTRODUCTION 
Dystocia Is defined as prolonged and difficult parturition. This 
may range from slight problems requiring no assistance to situations 
resulting in injury or loss of calf and/or dam. Increased interest and 
concern has been generated in the beef industry towards calving diffi­
culty with the popularity of using large breed sires for crossbreeding. 
Consequently, much of the research done to date on dystocia has been 
with beef and beef-dairy crossbreeding schemes comparing breed differ­
ences for calving difficulty. The problem is no less important in the 
dairy industry where reducing dystocia would result in an increased 
calf crop from which to select replacement animals and at the same time 
reduce injuries which could cause a reduction in production for the 
dairy cow who enters her lactation immediately following parturition. 
Studying dystocia on a within breed basis better fits the breeding 
structure of the dairy industry. 
Thp ohjprn'ves. of Luis study, were first to characterize the 
factors affecting calving difficulty and calf size within the Holstein 
breed and secondly to determine whether an effective method of ranking 
sires used in artificial insemination (A.I.) with respect to dystocia 
could be accomplished. Successfully ranking bulls would allow selected 
mating to be made to problem portions of the cow population reducing 
the incidence of dystocia without applying selection pressure per se 
for the trait. 
Dystocia being a reproductive trait is expected to have little addi­
tive genetic variation remaining due to natural selection. Accuracy of 
2 
estimating an individual's genetic merit Is a function of both herita-
2 blllty and the number of observations. When h is low more records are 
required to achieve the same accuracy of estimation as for a trait with 
2 
a higher h . Bulls entering active service in an A.I. stud after being 
tested would have an ample amount of recorded calvings since both male 
and female calf observations may be used in evaluation of a bull's 
genetic merit for dystocia. 
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REVIEW OF LITERATURE 
Dystocia 
Net calf crop is affected by several variables, an important one 
being dystocia. Anderson and Bellows (1967) reported 143 calf losses 
in 3049 parturition (4.7%) from straightbred Herefords, Autopsies 
revealed 79% of the dead calves at birth were normal. Injury occurring 
during difficult or delayed parturition was cited as the most common 
cause of death. Laster and Gregory (1973) found four times the calf 
mortality in calvings involving dystocia (20.4%) as in those of normal 
births (5.0%). Approximately 90% of losses were attributed to delay in 
receiving assistance or the amount of difficulty and time required to 
remove the calf. Miller (ca.1973) reports 58% of 285 Hereford calves 
lost at birth appeared physically normal and were lost as a result of 
dystocia. Functional lungs were found in 38.5% of the dead calves 
indicating they had been alive at birth. Wiltbank £t al. (1961) listed 
calvirig lo3S£3 at cr near birth anri failure Lù conceive cr early embry­
onic death as the two largest causes of loss to the potential calf crop. 
Loss of calf and/or dam is the extreme severity associated with 
dystocia. Temporary or even permanent injury to the dam may affect her 
subsequent production or her reproductive ability in future matings. 
Laster elt (1973) found a 6.1% lower conception rate to A.I. bulls 
in cows having experienced dystocia in the preceding parturition. A 
lower rate of estrus detection during the A.I. period was reported for 
cows having experienced calving difficulty. Estimates of production 
Joss In lactations immediately following a difficult parturition or the 
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amount of expense in labor and medical attention required following a 
difficult birth could not be found in the literature for dairy cattle. 
Factors Affecting Dystocia 
Brinks et (1973) looked at dystocia as a trait of the dam and 
again as a trait of the calf in examining factors affecting difficult 
birth. Scoring difficulty from 1, surgery required, to 6, no assis­
tance neededJ they reported 8.8% of 2971 records of Hereford calvings 
to exhibit some degree of dystocia (<6). First calf heifers experi­
enced the most difficulty, 29.7% of <6 scores; hence, two analyses were 
done, one using all records and the other on first calf heifers only. 
Analyzing dystocia as a trait of the calf using all records, they found 
significant (P < 0.01) main effects of years, sex of calf, age of dam, 
line of sire of calf, and sire/line of calf's sire while inbreeding of 
calf, inbreeding of dam, and line of sire of dam were not significant. 
Using first calf heifer records (2 year old dams) sex, line of sire of 
Jam, and sirc/lins of sire nf nalr were found significant (? < 0.05) 
while line of sire of calf remained highly significant (P < 0,01). 
Day of year was fit as a covariate in both models and found significant 
in the analysis using all records. When examining dystocia as a trait 
of the dam, significant year, sex of calf, age of dam, sire within line 
of dam, regression of day born, inbreeding of dam, and line ot calf's 
sire effects were found using all age records. In first calf heifers, 
only sex of calf, line of calf's sire, and line of sire of dam were 
significant. Males experienced the most problems in all analyses and 
significant sire within line differences were found In three of the 
four metliods. 
5 
Laster et al. (1973) analyzed factors affecting dystocia with and 
without calf size in the model as a covariate using 1889 Hereford and 
Angus cattle bred to six sire breeds over a four year period. Age, sex 
of calf, breed of dam, breed of sire, and all possible two way interac­
tions were examined. All main effects and each interaction of age with 
the remaining effects were reported highly significant (P < 0.005) 
while sex of calf x breed of sire and the only three way interaction 
fit, sex of calf x breed of sire x breed of dam, were significant at 
the 5% level of probability for dystocia without calf size included in 
the model. Calf size was a predominant factor for difficult birth. 
When calf size was fit in the model, sex of calf, breed of sire, and 
breed of dam were no longer significant (P < 0.05). Sex of calf was, 
however, significant at the 10% probability level which may indicate 
some difference due to sex other than size. Bellows et ad. (1971) also 
reported significant sex differences when fitting calf size in a model 
for dystocia. 
Sagebial et (1969) also examined breed and sire within breed 
differences using records from Herefords, Angus, and Charolais pure-
breds plus all possible first generation (F^) reciprocal two breed 
crosses possible amongst the three breeds. All records were from cows 
approximately two and one-half years old. Sources of variation of 
Interest in this study were bull and dam breed, year, all two way 
interactions, and sires within bull breeds within year. Analyses were 
done within sex of calf to avoid unequal variai ces between the two sex 
classes (greater than twice as much variability among male calf records 
than females). Little consistency between analyses was found, breed of 
6 
dam and sire were significant in males while breed of dam, its inter­
actions and years were significant in females. There were no signifi­
cant sire differences found in either analyses. Crosses with the most 
dystocia reportedly had the highest correlation coefficient between 
calving difficulty and calf size. 
Willham (1970) reported age of dam (in years) and dam weight to be 
important sources of variation analyzing calving data from Charolais. 
A significant sire of calf difference was reported; however, year of 
calving, sex of calf, and month of calving showed relatively small 
effects. 
BreDahl (1970) found as significant sources of variation in 
calving scores sex of calf, sire and dam breed, and age of dam-year-
parity when looking at data from 915 births of calves from all crosses 
of Holstein, Angus, Hereford and Brown Swiss. The percent of variation 
attributed to between breed of sires and sire within breed was 2.6 and 
0.0% of the total variation, respectively. 
The association of dystocia with body measurements o£ i-iie ùom ar.d 
calf were reported by several studies. Rice and Hiltbank (1970) 
reported negative correlations between pelvic area and calving diffi­
culty of -0.34 and -0.32 for Herefords and Angus, respectively. 
Bellows et (1971) found these correlations in the same breeds to be 
lower, -0.18 for Hereford and =0.22 for Angus. They reported signifi­
cant cow precalving weight differences with respect to dystocia 
(P < 0.01) in Angus cows while not in Herefords. Total gestation 
weight gain, fat thickness, and condition score ehowad little effect on 
calving difficulty. 
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BreDahl (1970) examined postulated cause-effect relationships 
between ten measurements and calving difficulty scores. Measurements 
used were birth weight, cow weight, pelvic height, pelvic depth, wither 
height, width at hips, gestation length, birth date, pelvic area, and 
the ratio birth weight divided by cow weight. A multiple regression 
analysis fitting linear effects of the ten measurements gave coeffi­
cients of determination of 0.33, 0.29, 0.26, and 0.16 for Angus, Here­
ford, Holstein, and Brown Swiss, respectively. The coefficients of 
determination did not change when pelvic height, wither height, and 
birth date were excluded in any of the breed analyses. 
Summary of Factors Associated with Dystocia 
Several factors appear associated with dystocia almost uniformly 
across studies. Age of dam is a dominant factor associated with dysto­
cia as primiparous animals experience most of the problems for diffi­
culty and calf mortality. Miller (ca. 1973) suggests the cause being a 
function of relative size of calf to size of dam generalizing that two 
year old cows have grown to approximately 75% of their mature size but 
produce calves 90% as large as those from older cows. BreDahl (1970b) 
supports this hypothesis finding correlations between calf size and 
difficulty ranging from 0.17 to 0.27 by breed while the correlation of 
the ratio calf size to dam size and dystocia ranged from 0.31 to 0.41 
in the same data set. The indication here is the size of the calf in 
relation to the dam's size is more important than the absolute magni­
tude of the calf itself with respect to calving difficulty. To mini­
mize the impact of dystocia, all research Indicates special attention 
should be given to first calf heifers. 
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Sex of calf differences appear real in most studies, males showing 
much more problems at birth than female calves. This Is indicated to 
be a function of both size differences in sexes and possibly structural 
differences. Bellows eit (1971) reported significant correlations 
(P < 0.01) between sex of calf and dystocia of -0.47 and -0.26 for 
Hereford and Angus cows, respectively, scoring males as 1 and females 
as 2. Sex of calf and birth weight of calf were found significantly 
correlated at the same probability level in the Hereford data only. 
Rice and Wiltbank (1970) had a correlation of -0.39 for sex of calf and 
dystocia scoring ssx the same way. 
Breed of sire fluctuated in significance in the studies reported 
which may be just a function of the particular breeds or number of 
paternal half sibs used in each. Significance of sires within breeds 
Is also controversial in the literature. Any sire within breed 
2 differences reported were small implying a low herltability (h ). Some 
2 h estimates were: 
0.043 - 1st calf heifers Smidt and Cloppenburg (1967) 
0,037 - all cows 
0.126 ± 0.109 1st calf heifers Brinks ^  (1973) 
0.069 + 0.022 all cows 
0.09 - all cows Willham (1970) 
2 
Examining dystocia as a trait of the dam led to an h estimate of 
2 
0.134 + 0.029, Brinks et (1973), for all cows. Low h estimates 
indicate a small amount of additive genetic variance available with 
respect to dystocia; hence,to accurately rank sires or estimate their 
genetic worth, large number of calving records are required per sire. 
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Birth weight effects were a dominant factor for dystocia in all 
studies where they were measured. Birth weight manifests itself 
in sex differences, gestation length, and probably sire differences, 
when not accounted for in the analysis. Nelson (1974), in a thesis 
review, cites heritabilities of birth weights from various beef studies 
to range from 0.22 to 0.78 with a majority being between 0.30 and 0.50. 
2 
Some estimates of h in Holsteins are 0,60, Tyler et al. (1947), 0.56, 
Blackmore et al. (1958), and 0.38, 0.48, 0.51 from paternal half sibs, 
intra-sire regression of offspring on dam and full sib correlations 
respectively, LeGault and Touchberry (1962). Correlations between 
birth weight and dystocia for Angus and Hereford cattle are reported as 
0.36 and 0.44, respectively, Rice and Wiltbank (1970) and 0.54 and 
0.48, respectively, Bellows et (1971). These are higher than those 
mentioned earlier as reported by BreDahl. 
Miller (ca.1973) proposes birth weight as the primary mechanism by 
which sire differences are manifested. Birth weight is suggested as a 
better indicator of genetic merit for dystocia than the trait itself 
. 2 
when numbers are small due to the larger magnitude of the h of birth 
weight. 
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DESCRIPTION OF DATA 
Data used in this study were collected independently by Midwest 
Breeders Cooperative and Select Sires, Inc. The data sets are distinct 
and variable definitions differ within each. The two sets of 
data will hereafter be referred to as Midwest data and Select data. 
Data Collection 
Data were collected and assembled by each artificial insemination 
bull stud by cards sent to cooperating herds to be filled out by the 
dairymen observing the birth. VJhen completed these cards were mailed 
back and the records assembled. Although each stud's data format dif­
fered slightly, the basic concepts were similar. The daitymen were asked 
to subjectively score the difficulty of parturition for the individual 
cows in his herd bred to that particular stud's bulls. The information 
was then sent to the studs when enough calvings were witnessed to fill 
their card. Since the specific information requested by each stud 
; 
differed slightly in information collected and in coding definitions of 
several variables, each stud's data set will be covered separately. 
Midwest Data 
The folio-wing information was requested by Midwest Breeders 
Cooperative for each birth; 
1. Herd identification 
2. Cow identification 
3. Condition of record (i.e., cow aick, etc,) 
4. Breed of dam 
11 
5. Fresh date 
6. Breeding date 
7. Cow size 
8. Cow sire 
9. Cow age 
10. Calf sire 
11. Sex of calf 
12. Difficulty 
13. Calf size 
Herds were identified by service area, technician within area, and 
herd serviced by technician. Twelve service areas are represented in 
the data across the states Wisconsin, Minnesota, Iowa and Nebraska. If 
a herd did not carry this identification,it was given a unique consecu­
tive number which was retained for all records coming in from that herd. 
Cow identification from the Midwest data was not unique ; hence, repeated 
records could not be compared. 
Condition of records were coded into five categories as follows; 
1. normal 
2. abnormal presentation 
3. aborted 
4. multiple birth 
5. cow sick 
The main analyses in this study were concerned only with records 
resulting from a normal presentation for Holstein cattle. 
The sire of the calf and the sire of the dam were recorded for 
each record using the stud identification code for that bull. If the 
12 
sire of the calf was missing, the record was discarded; but if the sire 
of the dam was not recorded, the record was still retained. 
The age of the cow was recorded as sequential calving numbers, not 
by calendar years, (a cow calving for the first time was given an age 
record of one, 2nd calvings were coded 2 and 3rd and latter lactations 
coded 3). The last fixed variable, sex of calf, is self-explanatory. 
The three remaining variables, cow size, calf size, and difficulty 
were subjectively scored by the person witnessing the birth. Cow size 
was requested to be a score of the animal's relative size from 1 (small) 
to 3 (large) as compared to others at her age. This made cow size 
nested within age group. Calf size was measured on a scale of 1 to 5, 
1—a very small calf, 2—small, 3—average, 4—large, and 5—very large. 
Dystocia was also scored 1 to 5 as follows: 
1 no problem 
2 slight problem, no assistance 
3 slight problss, assistance required 
4 considerable force needed 
5 extreme difficulty 
The structure of the data is somewhat complex. There are approxi­
mately 16,000 total records. Due to breeding recommendations affecting 
calvings after October 1973, the data were divided into uiiselected and 
selected subsets. When a substantial amount of data was available. 
Midwest adjusted sire means for average differences due to sex of 
calf and age of dam, then recommended which sires to use on open 
heifers and which sire not to use on open heifers. Data from sires so 
recoûûîiended for matings were obviously eelscted and were analyzed 
13 
separately. There are about 10,000 records occurring before this time 
and 6000 after. The pre-recommendation data are used in analyses for 
parameter estimates of classification variables and sire estimates 
while the post-recommendation data are used to test results. Dam size 
was not included on the scoring of Midwest data at the start of collec­
tion; hence,approximately 3000 records are void of this variable. 
About one-fourth of the pre-recommendatioh data are first calf heifer 
records. 
There were 76 sires with 15 or more records which were examined 
for genetic merit and sire differences with respect to dystocia. Young 
sires which had no information for the stud to make recommendations on 
were analyzed as unselected data regardless of when the record occurred. 
The Midwest data was distributed over 469 herds. 
Select Data 
The Select data contains virtually the same information on their 
data card as HiàwessL Jucô with the c::clucicr. of sire or nam ann 
addition of condition of calf at birth, herd production averages for 
milk and fat, and herd size. The main differences between data sets 
are the definitions and ranges of variables. 
Herds were uniquely identified by a state, county, and herd code. 
Select requested and received most of the cows' identification by regis­
tration number where possible. Age of cow was also coded by calving 
sequence and the sire of calf was identified by stud code. Only normal 
preseatationG of a single calf from Holstein cows were used in analyses. 
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Delivery was determined as; 
1. normal 
2. abnormal 
Condition of cow at birth was not requested as a delivery condition. 
Condition of calf at birth was scored; 
1. normal 
2. weak-died 
3. abnormal 
4. Dead on Arrival 
Size of dam was recorded as small, average, or large,irrespective of 
cow age; hence, size of dam and age of cow are cross classified in 
Select as opposed to nested in Midwest. Size of calf was also recorded 
as small, average, or large. Dystocia was classified as: 
1. unassisted 
2. easy pull 
3. hard pull 
4. Ceasarian 
The Select data had approximately 4000 complete records repre­
senting 130 herds. There were 67 sires with ten or more offspring 
records which were used in the sire analysis procedures in this study. 
No formai recouiuiendation of ratings vith respect to dystocia had been 
made prior to or during the period of time covered by the data set. 
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METHODS OF ANALYSIS 
The analytical procedure in this study was done in several steps 
with the ultimate goal being estimating and testing estimates of sires' 
genetic merit for dystocia and calf size. The first concern was general 
characterization of the data by examining distributions of variable 
scores, means of observations across and within the variable subclasses, 
and calculating percentages of abnormalities, multiple births, etc. 
Step two included analyses determining the effect of different factors 
on calving difficulty and calf size and calculating estimates of pheno-
typic and genetic parameters. The third step was estimating and com­
paring sire values and rankings from various analyses with respect to 
dystocia. The final step, done only in Midwest data, consisted of 
testing sire results on an independent set of data, the post-recommenda­
tion subset. 
rhararren'7,ation of Data 
Several facts concerning the characteristics of the variables calf 
size and calving difficulty are immediately obvious. Both are discrete 
variables, measured on a narrow scale, and dystocia conforms, to a 
degree, with the definition of a threshold character in that there is 
either no difficulty or some degree of it. Being discreet variables, the 
variance and mean of subclasses are suspected of varying associatively, 
a rise in the mean resulting in a corresponding rise in the variance, 
Also, with the majority of the records being classified as no diffi­
culty, the distribution of observations is widely divergent from the 
normal distribution, BreDahl (1970) tried an array of transformations 
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to minimize the departure from normality without success, Transforma­
tions were tried in this study to reduce the variation between observed 
variances. The testing of the effectiveness of the transformations was 
done by residual analysis. 
The model defining an observation from the entire population is: 
= U + 
where 
X^ = the i'"^ observation, 
y = some overall mean, 
e^ = random error associated with the i^^ observation. 
Rewrite the above model, now to define an observation within any given 
subclass (i.e., sex of calf, as follows): 
where 
Xj^j = the ij^^ observation, 
= the i'^ subclass mean, 
e^^ = random error associated with the observation in the 
i^^ subclass. 
Calculate the absolute value of the deviation of the observation from 
the subclass mean. 
'ij • - "ii 
Summing these absolute values of error terms within the i subclass 
and dividing by the subclass number gives a mean subclass error value 
which is designated as e\^. A between and within analysis for the 
observations5 e.., can now be done. The F statistic is a ratio of 
the between mean square and the within mean square. A graph may be made 
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ordering the transformations along the abscissa and the magnitude of the F 
statistic representing the ordinate. The most effective transformation for 
reducing differences between subclass variances is the one with the mini­
mum F statistic value. The subclasses in interest are records within sire. 
To sequentially order the transformations used, the effect of each 
must be examined. Transformations affect the relative magnitude of the 
differences between consecutive scores. Table 1 shows the respective 
observational value using six different forms of the data variable X. 
For the raw data, X, the difference between successive scores is con-
scant, in this case increments of one. If we used 2X as a transforma­
tion, we have changed the increments between scores to 2; however, 
they are still constant. Raising X to a power not only changes the 
increments between successive scores, but now they are no longer con­
stant. The order of transformations used in this study, using the 
-1 -h 
natural log as the zero point on the abscissa would be: X , X , In X, 
L 2 
X , X and X . The value of the F statistic for the residual analysis 
3 
using these transformations plus X were; 
X^ 7.137 
X^ 6,811 
X 6.930 
7.231 
In X 7.505 
X"^ 7,679 
"1 
X 7.739 
All values are significant at P < 0,01 indicating no transformation 
2 
eliminated zne problem. The minimum F value occurred at X but was not 
18 
Table 1. Corresponding values of transformed variables to raw data 
X Vx In X l/lTx 1/X 
1 1 1 0 1 1 
4 2 1.414 0.693 0.707 0,5 
9 3 1.732 1.098 0.577 0.33 
16 4 2.0 1.386 0.5 0.25 
25 5 2.236 1.609 0.447 0.2 
greatly different from the F value for the raw data so no transformation 
was used on the data from either data set. 
The consequences of using raw data for calving difficulty in least 
squares analysis needs to be examined. The least squares procedure is 
based on the algebraic identity: 
=X.. + -X..) + (X.j -X..) + (X^j - - I.J + X..) 
where dots indicate summations and bars indicate means. 
Eisenhart, 1947, states if the formula and procedures of the analysis of 
variance are used just to summarize properties of the data no assuap-
tion« are required. However, if procedures are used as a method of 
making statistical inferences of properties of the population from which 
the data was drawn, assumptions are necessary. These assumptions 
included normality and hoœogenity of error variance which are violated 
in these data. Cochran, 1947, states heterogeneity of error results in 
a loss of efficiency in treatment effect estimates and loss of 
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sensitivity of tests of significances if analyzed using a common error 
variance, Non-normality Introduces no serious error in significance 
levels of the F tests with large numbers for inferences about means, 
however strongly affects those about variances, Scheffe, 1959, states 
equal numbers reduce the effect of heterogeneous error, if the numbers 
are large, for inferences about means, In summary, consequences of 
using simple least squares analysis on the raw data are: 
1. loss of minimum variance of estimates 
2. loss of sensitivity of statistical tests 
affecting variances more so than means. 
A procedure of adjusting for unequal subclass variancss is using 
generalized least squares. This method involves weighting the obser­
vations with the inverse of their error variance. Simple least squares 
in matrix notation is as follows: 
b = (X'X)"^X'Y 
b = k X 1 column vector of solutions, 
X = a known matrix of size n x k, 
Y = a n X 1 column vector of observations, 
and X'X is invertible. 
Generalized least squares is similar with the addition of V, the 
(n X n) variance-covariance matrix of the random component error and is 
in matrix notation: 
b = (X''V"^X)"^(X1V'^Y) 
Under the assumption of homogeneous error both b and b are the same 
2 
as V would then be equal to lo^. b is best linear unbiased 
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2 2 
estimate of b when V ^ la^, (Searle, 1971). When V f but is diag­
onal, the procedure above is weighted least squares as is the case in 
calving difficulty. This argument becomes relevant in analysis of the 
Midwest end Select data. 
Analyses done In step 1 were simply to examine distributions and 
means across and within variable subclasses. Tests of mean differences 
in this step were done using the t" statistic in place of Students t, 
t' = d/Sj 
a 
where 
d = the difference between means in question, 
Sj = (s2/„i + sZ/N,)^ . 
where 
= variance estimate for the i^^ subclass, 
= number of observations in the i*"^ subclass. 
The critical value for this test is equal to 
^1^1 ^2^2 
.05* 
wnere 
t^ = critical value of Students t at 1 degrees of freedom , 
s! 
Since large numbers are available the value ~ 05 infinite 
degrees of freedom. All results reported significant in this step are 
so at P < 0.05 unless otherwise specified. 
Sire usage across age of dam and size of dam was examined to 
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determine if sires were used at random in these subclasses, This was 
accomplished using a between and within sire analysis of variance from 
the following model; 
?ij = " + Si + 'ij 
where 
= the age or size of the cow bred to the 1^  ^sire, 
y = the overall mean, 
s^ = the deviation associated with the sire, 
= deviations within sires. 
Significance of location was also examined under the hierarchical model; 
^ijk  ^+ *i + ^ij + ®ijk 
where 
= the ijk^  ^observation, 
U = the overall mean, 
a^  = the i*"^  area effect (Midwest - sales area, Select -
states): 
hj^j = the herd effect in the i*"^ area, 
e^ ^^  = random error associated with the ijk*"^  record. 
This model was used to analyze calf size, difficulty and gestation 
length. 
Examining Factors Affecting Dystocia and Calf Size 
The effects of interest, with relation to dystocia and calf size, 
in this study are shown in the following model; 
y v herd. age, + sa:c, + season, + dam size + sire 
i j k l m n o  i ^ j T c  i  m n  
+ (age X sex)j^ + (age x season)^^ -b (age x slre)^^ 
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+ (sex X season)+ (herd x sire)^^ + error 
ijklmno 
This model cannot be fit all at once so a systematic approach to 
examining the effects of the variables must be used. All factors in the 
above model are considered fixed except sires and its two interactions 
and error. For Midwest data dam size is nested within age groups, 
Heritabilities were calculated using within subclass variance com­
ponent estimates, for each trait, as four times the intraclass correla­
tion among paternal half siba-
The heritability estimates were calculated from all data and then within 
each age of dam subpopulation. Phenotypic and genetic correlations 
were also calculated. Genetic correlations were estimated for two 
traits as sire covariance for trait 1 and 2 divided by the square root 
of the sire variance for each trait.is; 
Analyses were done examining the regression of calf size and 
calving difficulty on gestation length in both data seta. The variables 
calf size and gestation length were not fitted in the total dystocia model 
for most analyses because they are not independent of other variables 
in the model. The regression model was: 
C0V(8j^ S2) 
1 °2 
Yj = a + bjX + bgX^ + 
where 
= the dependent variable 
a = (overall means - b^X - bgX^ )» the intercept 
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and b^  = the respective regression coefficients for the linear and 
quadratic effects, 
X •= independent variable, gestation length, 
e^  = error associated with the i*"^  observation. 
Selection Index 
A selection index was developed to combine information about a 
sire's genetic merit for dystocia and calf size. Defining H as the 
aggregate genotype (summation of economic values times breeding values) 
we have the equation: 
H = ajGj + 
where 
a^  is the economic weight of the i^  ^trait, 
is the sires' breeding value for the i*"^ trait. 
The index (I) is a linear function of regressed phenotypic values which 
maximizes H. I is represented as; 
T _  ^ tr t -U \r X -
where 
b^ is the 1*"^ regression coefficient, 
X^  is the i'^ phenotypic value corresponding to the i*"^  
breeding value in the aggregate genotype H. 
In our usage 1=1 for difficulty and 2 for calf size. Calf size is 
used solely as an indicator trait (a^ = 0, no selection for this trait 
and is then set equal to 1). X^ . in the selection index is the mean 
of one record on n offspring for a particular sire* The selection 
index equations are: 
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4 ''l + ''Z  
where 
o~ « the phenotypic variance of the mean of the i^  ^trait for 
i 
a sire, 
a—— = the phenotypic covarlance of the means of the i*"^, 
XjXj 
traits for a sire, 
o— =5 the covarlance between the mean of the 1^  ^trait for a 
Vi 
sire a-d the breeding value of that trait for dystocia. 
and the b^ 's are as described above. 
Examining by parts the index equations, we get the following 
Identities: 
1. a~ = Oy (4 + (n-l)hu)/4n 
Xi Xi 1 
where cr^  = the phenotypic variance of the 1^^ trait, 
1^ 
h^ = the heritabillty of the 1^^ trait, 
n = number of offspring per sire. 
2. o~ — =0 = phenotypic correlation between observations of 
Vj Vj 
the i^ " and trait 
2 tïi 3. et = 2a = 2 times the sire variance for the i trait 
4. Orr „ ° 2a =2 times the sire covarlance for the i*"^ and 
j trait 
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The derivations for the above equalities are shown in Appendix 1, All 
parameters were assumed constant for each sire; however, the number of 
offspring per sire changes so the index was run for each sire giving 
b's dependent on the number of offspring for each particular sire. 
The results from the selection index equations were used to build 
estimated breeding values for each sire as follows: 
EBV^  = „ + - X^ ) + - xp 
where 
EBV^  = the estimated breeding value of the i^  ^sire, 
b^ j^  = regression coefficient for dystocia for the sire, 
b^  ^= regression coefficient for calf size for the i*"^  sire, 
— til 
= i sire mean for dystocia, 
— th 
2^i ~ ^  sire mean for calf size, 
X^ = overall mean for dystocia, 
Xg = overall mean for calf size. 
All records being analyzed were corrected for age, sex, and season for 
dystocia and age, sex, season, and dam size for calf size. Correction 
factors used were those calculated in prior analysis in the data set. 
Mixed Model Analysis 
Sire estimates for dystocia and calf size from the previous steps 
of analyses will be used for comparisons made among sire rankings along 
with estimates from Henderson's , 1973, mixed model procedures. The 
prior estimates of interest include; 
1. Least square constants for dystocia from the model: 
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^ijklmn " ^ herd^  + age^  + sex^  + season^ + (age • sex) 
+ sires + error., 
m Ijklmn 
2. Least square constants from within the first calf heifer popu­
lation using the above model minus age and its interaction. 
3. Least square constants for calf size from the above model plus 
fitting size of dam. 
4. Selection index estimates of sire breeding values. 
The first two sets of estimates are comparable to those achieved 
by correcting observations for the fixed effects included in the respec­
tive analyses and then using these to calculate adjusted sire means. 
These two procedures are then similar to the method used by Midwest 
to make their present recommendations on bulls. The third set of 
estimates are of interest to determine how rankings from adjusted sire 
means for calf size compare with those obtained for dystocia. The 
first three procedures using least squares consider sires as a fixed 
effect; where they are more likely random, and do not account for 
unequal numbers of progeny per bull. 
Mixed model estimates of sires' genetic merit for dystocia were 
calculated following a modification of the procedures outlined by 
Henderson, 1973. The model under consideration in matrix form Is; 
y = Xb t Zu 4- c 
where y Is a n x 1 vector of observations, X and Z are known matrices, 
b is an unknown fixed vector, u is an unknown vector for sires and e 
Isa non-observable random vector with the E(e) =0,8 vector of zeros, 
and the V(e) = R. The generalized form of the normal equations for 
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least squares considering sires fixed is; 
-1 
X'R X X'R Z 
V 
b X'R"-^y 
u 
a 
Z'R'ly z"R"^ X Z'R"^ Z 
If sires are considered random then the ECu) = 0 and the V(u) = G. 
Henderson, 1974, states by adding to the Z-^ R section of the 
partitioned normal equation one gets, as solutions for u, best linear 
unbiased predictors of sires' future progeny performance in situations 
2 
of unequal numbers. G may be a diagonal matrix, la^ , where I is the 
identity matrix with I's on the diagonal and zeros elsewhere or non-
diagonal if the relationships among sires is considered. The latter is 
2 
the case in this study, hence G = a^A where A is the matrix of Wright's 
coefficients of relationships among sires. The assumption is made, in 
2 
this study, that is constant for all sires. The normal equations 
are now in the form: 
X'R"^ X X'R"^ Z 
- 1  - 1 1 -
Z'R X Z'R Z + ~ A 
A 
-1 " b X'R y 
, -1 
1 
u Z'R y 
1 
Estimates for sires were made from these equations considering two 
2 2 
alternatives, first- R = and second, R 4 lo^. The first is the 
situation of homogeneous error and the second is for unequal subclass 
variances. Effective use of the mixed model procedure, as described 
2 2 
above, depends on knowing the parameter values for 0^ and cr^  or 
having good prior estimates, known with little error, which is usually 
the case since parameter values are never known exactly. 
If prior estimates of variance components are not available, they 
must be estimated from the data. Schaeffer and Burnside (1974) in 
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examining survival rates of A.I. sire daughters in Canadian herds 
2 2 
used an iterative procedure of estimating the ratio they 
described as a simplification of the more general procedure known as 
MINQUE (minimum norm quadratic unbiased estimâtior%). The iterative pro­
cedure is used in this study and will be outlined in detail. 
The model under consideration is: 
y = X^ b^  + X^ bg + Zu + e 
where all elements of the model are as described previously with the 
fixed vector, b, being divided into two groups, b^ and bg. b^ is the 
fixed effect to be absorbed, herds, and those fixed effects fit, 
age sex subclass and seasons, for dystocia. The procedure assumes 
2 
R = The normal equations are; 
X^ Xi X^ Xi x^ z 
x^ x^  % XgZ 
Z'X^  Z'Xg Z'Z 
°e -1 
:2 ^  
1 
X
 
2^ x y^ 
L
U l'y 
J 
_ 
The means and herd equations were absorbed computationally as shown by 
Lentz et aX, 1969. The remaining normal equations are in the form; 
XgQXg X^ QZ 1^ 2 XgQy 
rqxg Z/QZ + r A"^  [\ Z'Qy 
where Q = I - Xj^ (X^ Xj^ )'"^ X^  and r is the estimate of Og/Og. An 
example showing the equivalency of the computational procedure and 
using the Q matrix is shown in Appendix 2, 
The dependencies amongst the equations for a particular fixed 
effect (i.e., season) where broken down by forcing the sum of subclass 
.2 ,1 
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solutions times subclass numbers within the effect to be zero by 
adjoining Lagrange Multipliers, to the normal equations, of the form 
Cb^  = 0% For dystocia there are six age-sex-subclasses and four season 
subclasses, hence C is a 2 x 10 matrix of the form, 
1^1- 1^2" N 21. 
0 
N 
22< 
0 
N 31' 
0 
N 
32^  
0 N 
0 0 
..1 '^i2 "^3 
where is the number of observations in the age of dam, sex 
of calf subclass and N , is the number of observations in the 
• 'k 
season. For calf is expanded to account for dam size within age 
of dam being fit in the model. The normal equations now appear as: 
X^ QXg XgQZ 
Z'QX. Z'QZ + r A 
0 
-1 
0 
' 
2^ 
]%Qy 
u 
= Z'qy 
c 
. ^ 
where c are the Lagrange Multipliers and of whom the solutions are of 
no consequence. 0 again is the vector or matrix of all zeros. 
The equations are now in the form Tw = y with T being invertible. 
The solutions are 
11 
'21 '22 
L'31 
where is the section of the partitioned inverse matrix that corre­
sponds to that positional section of the normal equation's coefficient 
matrix. 
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The value of r which is initially used can be any value, in this 
" 2  
study it was calculated as that estimate which gives ah of 0,08 from 
the formula, h^ « 4/(1 + r). Schaeffer and Burnside (1974) show how to 
estimate new variance components, for a model of this type, using the 
following quadratics and their expectations: 
= y'Ay - b^ X^ Ay - u'Z'Ay - u'ur 
$2 = u'ur^  
E(S^ ) » (N - h - p + 
ECSg) = r^ (P^  - PgriOg + r^ (S - ZP^ r + P^ r^ io^  
where p is the rank of the absorbed equations, P^ = tr which is 
the sum of the diagonal elements of V22» P2 ° the sum of squares of all 
elements of V22, S is the number of sires, h the number of herds 
absorbed and N the total number of observations used. Appendix 3 con­
tains some description of these quadratics. The quadratics and their 
2Kp2Ct2tione «TA enuatRd to feët fiêw variancc estimates to form the new 
ratio which is put back into the procedure. The iteration was discon-
tinued when the value of the ratio did not change the h achieved from 
it arbitrarily at four decimal places. 
Unequal Variance Analysi" 
To correct for unequal subclass variances a generalized mixed 
model procedure was used. The normal equations are; 
-1 -1  
X'R X X'R Z 
=1 ' 
X'R y 
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2 
R is no longer however Is still diagonal. The diagonal elements 
of R were calculated from an analysis on the residuals from the model; 
Model A i^jk + age of dam^  + sire^  + error 
The procedure was first tried fitting also sex and season, but this 
resulted in negative residual variance estimates, so the model was reduced, 
Reducing the model as such assumes no drastic divergence from the 
expected sex ratio within age of dam by sire subclasses and that sires 
are used at random across seasons and herds with respect to dystocia. 
The subclass variances were estimated by first fitting model A 
in a mixed model procedure and getting age of dam and sire estimates. 
A predicted y value, y, was calculated by a linear combination of the 
appropriate estimates. The residual is (y^ ^^  - y^ ^^ ) and designated 
2 
as d^ j^ and is squared. The values, d^^^ , are used as dependent 
variables in model A and mixed model solutions of age of dam and sires 
were again obtained. 
A definition of a variance is: 
The variance of the i^^ age of dam sire subclass is then a linear 
2 
combination of the appropriate estimates from model A with d^^^ fit 
as the dependent variable. Computationally, these estimates for age of 
dam and sires are stored in the computer and when a record is read in 
to be processed for the unequal variance mixed model analysis the age 
sire subclass is identified and the appropriate estimates combined to 
form the subclass variance estimate which is used to weight the 
observation. 
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Comparison of Sire Rankings 
Rank correlations were calculated among the procedures used to get 
estimates of sires breeding values for dystocia. Spearman's coeffl^  
cient of rank correlation, Steel and Torrie, cl960, is; 
6Ed? 
r - 1 - 1 ^  
(n-^ l) (n) (n+l) 
where d^  is the difference between ranks of the i^^ sire from two 
rankings and n is the number of sires. Ideally, all procedure rankings 
would be compared to the rank of sires by their actual breeding value. 
Since the actual breeding values are unknown this is not possible. For 
comparison purposes the rankings from the unequal variance analysis 
will be considered optimum against which other procedures will be com­
pared. The procedure was chosen because under the assumption of a cor­
rect model "in the class of linear unbiased predictor, BLUP maximizes 
the correlation between the predictor and the predictand", Henderson, 
1973. 
Sires were also divided into four equal number groups by their 
estifûâLcs from each procedure, the first quartile containing sires 
recommended for use on first calf heifers, the second those which may 
be used, and the last two those not recommended. The idea being rank 
changes within a quartile are not important with respect to recommenda­
tions; however, those bulls changing one or more quartiles would 
affect recommendations made. The amount of quartile changes among 
ranking of different procedures was examined. 
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Future Date Analysis 
The analysis involving the future records, post-recommendation 
data, was done in two parts. The first step was to determine if recom­
mendations from previous data appeared successful. This was examined 
by correcting all observations for age of dam, sex of calf and season 
of birth and getting means for the four quartiles of sire groupings. 
Also, the distribution of records within quartiles was examined. Step 
two was aimed at determining the amount of agreement of sire estimates 
between the Independent data sets. The future records were analyzed 
using the mixed model iterative procedure. Product moment and rank 
correlations were than calculated between sire estimates from both pre 
and post recommendation data. 
Dystocia as a Trait of the Dam 
The analysis up to now has been done assuming dystocia to be a 
trait of the calf, focusing on sire of calf differences. This section 
is conuKiûêu with dyctccia belns ^  trait of the dam and examining dif­
ferences among the dam sires. Also, the question of whether a sire 
whose calves are born easily, sires dams who have more difficulty when 
they in turn calve, was examined. This might be expressed as a ser­
vice sire by maternal sire interaction. 
All Midwest data were used when examining dystocia as a trait of 
the dam and sire of dam effects. A least square analysis was done 
using the model: 
+ da^  + 
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where 
I^jklmnop ' observation, 
\i " the overall mean, 
h^  = the herd effect, 
age of dam effect, 
=» the sex of calf effect, 
t^  = the 1^^ season of birth effect, 
size of data within age of dam effect, 
cs^ = the effect of the sire of calf, 
ds^ = the effect of the sire of dats, 
aSj^  = the jk^ ^ age of dam-sex of calf interaction effect, 
hcs. = the in*"  ^herd by sire of calf interaction effect, in •' ' 
e.... = the random deviation associated with the observa-
ijklmno 
tion. 
All factors are considered fixed except sire of calf, sire of dam, herd 
by sire cf calf Interactio" «"d error which arc random. 
Best linear unbiased predictors f6r sire of dam were obtained from 
the data corrected for sire of calf. Fixed effects found significant 
in the least squares analysis were fitted in the model. Rank and product 
moment correlations were calculated between sire estimates for those 
sires which appeared both as grandsires and sires of the calves, a 
negative correlation would indicate that sires of easily born calves 
tended to sire dams who had difficulty during parturition. 
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RESULTS AND DISCUSSION 
The preliminary analyses of the records in this study consisted of 
examining the distribution of dystocia scores and calculating unad­
justed means for dystocia and calf size across and within fixed 
variable subclasses (i.e., sex) available in each data set. From the 
distribution of scores, the percent of calvings requiring some assis­
tance (scores of 3 through 5 for Midwest data and scores of 2 and 3 
in Select), and of calving requiring extreme measures of extracting 
the calf (scores of 4 and 5 in Midwest data and of 3 in Select) were 
calculated. 
Results from the preliminary analyses, for the most part, conform 
to results cited in the literature review. 15,0 and 18.6 percent of 
all records in the Midwest and Select data, respectively, involved 
parturitions requiring some form of assistance. Extreme difficulty 
occurred in approximately 5 percent of all parturitions within each 
data set. First calf heiters experienced Luc moat difficulty in 
comparison to the other age groups. 29.0 and 34.1 percent of the 
first calf heifer parturitions required some assistance with 11.2 and 
13.0 percent being extreme cases of dystocia, in Midwest and Select 
data, respectively. 
Table 2 and 3 show the means for dystocia and calf size, respec­
tively, by studs. There were only 5 scores of 4, Caesareans, for dys­
tocia in the Select data set and are included in these means. The only 
significant difference between consecutivc age of dam subclass mean 
dystocia scores occurred between first and second calf heifers in both 
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Table 2. Means for dystocia within variable subclasses by studs 
Midwest (1-5)^ Select (1-4) 
Overall 1.467 1.227 
By Age of Dam 
1 1.937 1.476 
2 1.394* 1.177* 
>3 1.315 1.160 
By Sex of Calf 
Male 1.678 1.268 
Female 1.385* 1.186* 
By Size of Calf 
Very Small 1.100 
Small 1.168 1.147 
average 1 "i . 167 
Large 1.695* 1.377* 
Very Large 2.537* 
By Size of Dam 
1 1.462 1.301 
2 1.501 1.226 
3 1.560 1.195 
R^ange of dystocia scores. 
"significantly different from msan iiamsdiately preceding 
(P < 0.05). 
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Table 3. Means for calf size within variable subclasses by studs 
Midwest (1-5)^  Select (1-3) 
Overall 3.279 2.187 
By Age of Dam 
1 3.052 1.961 
2 3.262* 2.178* 
>3 3.427* 2.284* 
By Sex of Calf 
Male 3.451 2.268 
Female 3.123* 2.106* 
By Size of Dam 
1 3.502 1.961 
2 3.208* 2.174* 
3 2.99i" 2.2*4* 
R^ange of calf score. 
Significantly different from mean immediately preceding 
(P < 0.05). 
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data sets. There were, however, significant differences between 
means for calf size across all age of dam subclasses with older cows 
having larger calves. Significant mean differences for dystocia and 
calf size were found between the sexes of calf with males being larger 
and experiencing more difficulty at birth than female calves. Real 
differences between consecutive means for dystocia by size of calf 
subclass does not occur until going from average to large calves and 
again from large to very large calves. There appears to be an 
increasing difference between consecutive mean scores for calf size 
subclasses which indicates a positive linear and quadratic relationship 
between these two traits. Two possible explanations for this relation­
ship are that the difficulty experienced at parturition Influenced the 
score given the calf for size (a problem in subjective data collection) 
and/or dams can expel a calf with minimum difficulty up to a certain 
size, average, however have an increasing probability of experiencing 
difficulty the larger the calf gets above this threshold size (biologi­
cal). There were no significant differences in dystocia means between 
size of dam subclasses in either data set» In the Select data, means 
for difficulty and calf size show trends of larger cows giving birth 
to significantly larger calves while experiencing less difficulty. 
These trends ate Intuitively expected: Cow size, in this data set, 
was scored comparing a given individual to the average sized cow in 
the herd. In Midwest data where cow size was scored within age groups 
the trends found in Select data were not repeated. There are, in Mid­
west data, significant mean differences for calf size between consecu­
tive size of dam subclasses with larger cows giving birth to smaller 
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calves and tending to experience more difficulty, The means shown in 
Tables 2 and 3 for dam size in Midwest data were calculated accumula­
tively across ages; however, the trends discussed above were consistent 
with each age group. Assuming the trends in Select data are accurate, 
there is a problem in the Midwest data either in the score's inter­
pretation of the definition of a large cow (tall and rangy versus short 
and heavy) or in his subjective scoring of the size of calf. 
Results from the literature indicate a significant age of dam by 
sex of calf interaction present, when analyzing dystocia, so unadjusted 
means for difficulty and calf size were calculated by sex of calf 
within age of dam subclasses and are shown in Table 4. Sex differences 
for dystocia show a steady decline between unadjusted means across the 
three age of dam subpopulations. Older cows tolerate size and struc­
ture differences between male and female calves better than first calf 
heifers which should lead to a significant interaction of these two 
effects in future analysis of variance procedures. The size difference 
between sexes of calves does not vary appreciably across age groups and 
should not show a significant interaction. 
The average length of gestation within difficulty and calf size 
scores were calculated in both data sets and are shown in tables 5 and 
u. There is a steady increase in gestation length averages acrnas the 
difficulty scores in each data set. This increase is probably the 
function of larger calves from longer gestations. In the Midwest data, 
there is a difference of 8 days length in gestation between very small 
and very large calves. A difference of 3,5 days was found in Select 
data; however, this was between small and large calves as they did not 
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Table 4. Means of dystocia and calf size by sex within age of dam 
from Midwest data 
Age of Dam Male Female (M-Ff 
Dystocia 
1 2.202 1.720 0.482 
2 1.607 1.258 0.349 
3 1.422 1.264 0.158 
Calf Size 
1 3.233 2.885 0.348 
2 3.459 3.101 0.358 
3 3.562 3.249 0.313 
^Difference between the mean dystocia and calf size scores for 
male -versus female calves. 
41 
Table 5. Average gestation length within difficulty and calf size 
subclasses in Midwest data 
Difficulty Average 
Gestation Length 
Calf 
Size 
Average 
Gestation Length 
1 279.43 1 274.45 
2 279.83 2 277.09 
3 280.46 3 279.21 
4 281.39 4 281.08 
5 281.66 5 282.82 
Table 6. Average gestation length within difficulty and calf size 
subclasses in Select data 
Difficulty^  Average Gestation Length 
Calf 
Size 
Average 
Gestation Length 
1 oyo 1 275.41 
2 278.96 2 278.45 
3 279.65 3 279.99 
C^lass 4, Caesareans, were not included due to low numbers. 
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have the two extreme categories of calf size. 
The Select data contained information on the condition of calf at 
birth. The distribution of records by condition was: 3807 normal 
calves, 140 were weak and died shortly after birth, 32 were abnormal 
and 226 were dead on arrival. The average difficulty score for each 
category was: 
normal 1.212 
weak - died 1,303 
abnormal 1.333 
D.O.A. 1.583 
It could not be determined from the records if dystocia was a cause or 
result of deaths at or near birth. 
Sire usage with respect to cow characteristic variables, age and 
size, was examined by a between and within sire analysis, Tables 7 and 
8 display the analysis of variance (ANOVA) tables for these analyses. 
Sires were not mated at random, in these data sets, to cows with re-
cpcct to or size of the rnw. For example, the Midwest dsta con­
tained young sires who were used heavily on first calf heifers. Young 
sires were progeny tested for milk production by mating to open heifers 
in Midwest Breeders' sire selection program while in Select Sires, 
young sires were used where second services were required. The dif­
ferential usage of bulls with respect to age of dam was more prevalent 
in Midwest. 
An analysis was done to characterize the location effect on the 
records. The hierarchical model discussed in the methods section was 
used to examine area and herd effects, Table 9 contains the ANOVA 
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Table 7. Between and within sire analysis for age and size of dam in 
Midwest data 
Source d.f M.S.^  
Age of Dam 
Sires 62 8.01*** 
Within 6387 0.64 
Size of Dam 
Sires 60 0.94*** 
Within 3912 0.34 
degrees of freedom. 
^Mean square. 
*** 
Significant at P < 0.005. 
Table 8. Between and within sire analysis for age and size of dam in 
Select data 
Source d.j M.S. 
Age of Dam 
Sires 
Within 
101 1.997*** 
n <70 
Size of Dam 
Sires 
Within 
101 
3993 
Significant at P < 0.005. 
0.701*** 
0.425 
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Table 9. Location analysis on calving difficulty, calf size and 
gestation length for Midwest data 
Source d.f. M.S. % Total Variation 
Calving Difficulty 
area 11 
herd^  195 
within 4145 
3,578** 
1.493*** 
0.768 
0.59 
4.42 
95.00 
Calf Size 
area 
herd 
within 
195 
4145 
1 = 831 
1.070*** 
0.580 
0 .22  
3.99 
95.99 
Gestation 
area 
herd 
within 
11 
103 
1675 
80.008 
288.644 
0.00 
1.36 
Herds and technician codes combined for herd effect in this 
analysis. 
*** 
Significant at P < 0.01. 
k
Significant at P < 0.005. 
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tables for the Midwest data using only records with complete herd and 
area identification for the traits calving difficulty, calf size and 
gestation length. Table 10 shows the similar analyses for Select 
using all records for dystocia, gestation and calf size. Also, in 
table 10, the location analyses are shown for dystocia using records 
from herds which reported 20 percent or more of their potential 
calvings and for herds reporting 50 percent or more. There are signif-r 
icant (p < 0.005) area and herd differences, for dystocia, in both 
data sets; however, in examining the percent of the total variation 
attributed to each only in Select data does area account for any appre­
ciable variation. Location accounts for about 13.5% of the total vari­
ation for dystocia and 10.0% for calf size in the Select data as com­
pared to 5.0 and 4.1 percent, respectively, in Midwest. The data from 
Midwest were collected in a four state vicinity divided in 12 sales 
areas while Select records came from 14 states as far west as Colorado 
and as far east as Tennessee = More variation due"-to location would 
then be expected in Select records. The herd percent reporting did 
not seem to affect the differences due to herds. One would expect, if 
eliminating records from herdsmen who reported only difficulties, a 
drop in the percent of total variation accounted for in herd differences 
when using records from herds reporting a higher percentage of the 
possible calvings. Significant location differences were found in 
Select data for gestation length, accounting for approximately 4.0% of 
the total variation. These significant differences were not found in 
Midwest data for gestation. 
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Table 10. Location analysis on calving difficulty, calf size and 
gestation length for Select data 
Source d.f, M.S. % Total Variation 
Calf Size 
state 13 
herd 117 
within 4074 
Gestation Length 
state 13 
herd 117 
within 3992 
Calving Difficulty 
(all records) 
state 13 
herd 117 
within 4074 
1,164 
1,475*** 
0.337 
229.934* 
75.610*** 
39.529 
4.177*** 
1.133*** 
0.246 
Calving Difficulty 
(z 20% of possible births reported) 
state 13 4.259*** 
herd 103 1.1%%"*" 
within 3928 0.247 
Calving Difficulty 
(> 50% of possible births reported) 
state 12 4.112"" 
herd 44 1.621*** 
within 2612 0.260 
** 
*** 
Significant at P < 0.05. 
Significant at P < 0.01, 
Significant at P < 0.005. 
0.00 
9.93 
90.07 
1.26 
2.93 
95.81 
3.41 
10.15 
86.44 
3.61 
86.34 
3.65 
10.33 
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Examining Factors Affecting Dystocia and Calf Size 
A between and within sire analysis was done in both data sets, for 
the traits calf size, gestation length and calving difficulty, with all 
records and again within age groups. This Is the simplest model fit 
examining sire differences and does not account or correct for dif­
ferences between sires cause by unequal usage within subclasses known 
to influence dystocia scores. Tables 11 and 12 contain results of 
these analyses for each bull stud using bulls with 10 or more daughters 
from the Midwest data and with more than one record in the Select 
2 data. Estimates of h are similar for calf size* 0,18 and 0.19. and 
dystocia, 0.08 and 0.07, for the Midwest and Select data, respectively. 
" 2  
There was a noticeably higher h for gestation length in Midwest, 0,38, 
2 
versus Select, 0.24, Real discrepancies in h estimates are found 
between data sets when examining sire differences by age groups. 
'^ 2 
Midwest data shows a steady decline in h going from first calf to older 
cows, 0.17, 0=08 and 0.05. In the Select data, practically all vari­
ation attributed to sires is expressed in the 800 or so first calf 
A 2  ^2 
heifer records giving a h estimate of 0.36. The h in second calf 
and old cows from Select data was 0.0 and 0.02, respectively. One 
problem which may account for the magnitude of heritability estimates 
across age of dam subclasses in Select data is the low number of off-
2 
spring per sire. In Midwest data the coefficients for o in the 
expectation of mean squares are 28,4, 26,7 and 46,3 for the three age 
groups, respectively, while in Select the same coefficients are 8.6, 
li.7 and 20.2, A much larger sampling variance is expected in the 
Select data and could be the cause of the widely discrepant herita-
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Table 11. Between and within sire analysis for Midwest data 
Source d.f. M.S. 52* h2 
Gestation sires 60 232.44*** 3.301 0.38 ± 0.052 
Length within 3730 31.13 
Calf Size sires 69 3.49*** 0.029 0.18 + 0.020 
within 7091 0.62 
Difficulty sires 69 2.94*** 0.020 0.08 ± 0.035 
(all records) within 7091 0.97 
Difficulty sires 66 3.23*** 0.063 0.17 + 0.051 
(1st calf) within 1869 1.44 
Difficulty sires 64 1.21*** 0.016 0.08 + 0.039 
(2nd calf) within 1730 0.78 
Difficulty sires 69 1.02*** 0.008 0.05 + 0.022 
(> 3rd calf) within 3360 0.65 
*Error variance estimate always equals error M.S. 
*** 
Significant at P < 0.005. 
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Table 12, Between and within sire analysis for Select data 
Source d,f, M.S, 
2 
a & 
Gestation sires 101 111,36*** 2,078 0,24 + 0,01/f 
Length within 3826 33,33 
Calf Size sires 101 1,04*** 0,018 0.19 + 0.039 
within 3925 0,35 
Difficulty sires 101 0,47*** 0,005 0,07 + 0.0235 
(all records) within 3925 0,28 
Difficulty sires 90 0,88*** 0,047 0,36 + 0,120 
(1st calf) within 709 0.47 
Difficulty sires 94 0.20 0,0^  0,0 
(2nd calf) within 1144 0.23 
Difficulty sires 99 0.22 0,001 0,02 + 0.017 
(> 3ru calf) within 1972 0.20 
^These standard errors approximated by 32h^ /T. 
bNegative estimate set at zero. 
Significant at P < 0,005. 
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Table 13. Regression of calf size and calving difficulty on gestation 
length in Midwest data 
Source d. f. M.S. 
Calving Difficulty 
Calf Size 
Linear 
Quadratic 
Residual 
1 
1 
8091 
60.130*** 
4.925* 
0.879 
Linear 
Quadratic 
Residual 
1 
1 
8091 
356.178*** 
1.333 
0.589 
Significant at P < 0.05. 
k 
Significant at P < 0.005. 
Table 14. Regression of calf size and calving difficulty on gestation 
length in Select data 
Calving Difficulty 
Source 
Linear 
Quadratic 
d.f. 
1 
1 
/.noA 
M.S. 
2.1126*** 
0.0207 
0.2833 
Calf Size 
Linear 
Quadratic 
Residual 
1 
1 
4096 
45.589*** 
6.028*** 
0.356 
Significant at P < 0.005. 
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Table 15. Regression coefficient estimates of calf size and dystocia 
on gestation length 
2^ 
Midwes t Calving Difficulty 0.0148 0.0003 
Calf Size 0.0359 -0.0002 
Select Calving Difficulty 0.0038 -0,0000 
Calf Size 0.0177 -0.0004 
bility estimates. 
f>2 
These preliminary analyses indicate that dystocia has a low h as 
is expected for a reproductive trait, Within first calf heifers, the 
2 
estimate of h is reasonably higher as sire differences become more 
evident in this group. Heritability estimates for calf size, subjec­
tively scored,are much smaller than estimates using quantitative mea­
surements of birth weight for dairy cattle cited in the literature. 
Further Investigation into the effect of gestation length on calf 
size and dystocia was done by fitting a linear and quadratic regression 
model for these traits on gestation length. Tables 13 and 14 contain 
the ANOVA tables for the results of this analysis for Midwest and 
Select data, respectively. Table 15 contains the regression coef­
ficients estimated for both studs. The linear effect of gestation 
length was highly significant (P < 0.005) while fitting the quadratic 
for both traits in both studs. The quadratic effect, in Midwest data, 
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was significant (P <; 0,05) for dystocia but not so for calf size 
while the reverse was true in Select. The positive quadratic effects 
on dystocia in Midwest data Indicates an increasing difference in 
successive predicted scores as gestation length Increases. The 
quadratic coefficients are small but are multiplied by the square of 
the gestation length, as shown In the regression model, and hence are 
important. For calf size, there is a strong linear Increase with the 
quadratic decreasing the differences between successive predicted 
scores as gestation length increases. 
The Midwest data was received over the course of a year, in 
approximately 5000 record block, as data collection was continuing 
during this study. Analyses were done on the first 5000 Midwest 
records and on the Select data to determine which fixed effects were 
significant for dystocia and calf size. The variation for effects 
found significant In these least squares analyses would then be con­
sidered in the various methods of sire evaluation. Of the first 
Midwest records only 1600 had dam size Included because of the late 
addition of this variable to the data format. Tables 16 and 17 show 
the results of this analysis for dystocia and calf size, respectively, 
in Midwest data and Tables 18 and 19 correspond to these traits In 
the Select data using the scdel: 
(Model 1) Y.T = mean + herds + age of dam. 
Ijklmno 1 J 
+ sex of calf^  + size of dam^^ + season^ 
+ sires^  + (age • 8ex)j^ + (sex = slze)^  ^
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Table 16. ANOVA table for ail fixed effects and sires for dystocia in 
Midwest data 
Source d.f. M.S. 
Age of Dam 2 33.556*** 
Calf Sex 1 28.070*** 
Season 3 4.828*** 
Dam Size/Age of Dath 6 0.762 
Calf Sex • Age of Dam 2 5.734*** 
Calf Sex • Size of Dam 6 0.440 
Sires 57 1.154*** 
Residual 1624 0.663 
*** 
Significant at P < 0. 005. 
Table 17. ANOVA table for all fixed effects and sires for calf size in 
Midwest data 
Source d.f. M.S. 
Age of Dam 2 10.263**" 
Calf Sex 1 28.289*** 
Season 3 1.950*** 
Dam Size/Age of Dam 6 3.936*** 
Calf Sex • Age of Dam 2 1.961* 
Calf Sex * Size of Dam 6 0.418 
Sires 57 l.u7l==* 
Residual 1624 0.514 
•K 
Significant at P < 0.05. 
AAA 
significant at ? < 0.005. 
54 
Table 18. ANOVA table for ail fixed effects and sires for dystocia in 
Select data 
Source d.f. M.S. 
Age of Dam 2 15.763*** 
Linear 1 25.581*** 
Quad 1 5.766*** 
Dam Size 2 0.288 
Linear 1 0.094 
Quad 1 0.482 
Calf Sex 1 8.490*** 
Season 3 0.801* 
Linear 1 1.092* 
Quad 1 1.302* 
Cubic 1 0.008 
Sires 66 0.378*** 
Age of Dam • Dam Size 4 0.231 
Age ot uam • Calf 5ex '> 'i. 145"* 
Dam Size ' Calf Sex 2 0.046 
Remainder 3556 0.236 
Significant at P < 0.05. 
Significant at ? < 0.01. 
Significant at P < 0.005. 
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Table 19. ANOVA table for ail fixed effects and sires for calf size in 
Select data 
Source d.f. M.S. 
Age of Dam 2 2.943*** 
Linear 1 3.884*** 
Quad 1 2.004*** 
Dam Size 2 21.751*** 
Linear 1 43.413*** 
Quad 1 0.089 
Calf Sex I 17.891*** 
Season 3 1.600*** 
Linear 1 4.682*** 
Quad 1 0.009 
Cubic 1 0.110 
Sires 66 0.764*** 
Age of Dam • Dam Size 4 0.414 
Age of Dam • calf Sex O 0- 27? 
Dam Size ° Calf Sex 2 0.515 
Remainder 3556 0.294 
** 
Significant at P < 0.005. 
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Again, size of dam is nested in age of dam in Midwest data, but not so 
in Select so the appropriate variations in the model discussed in the 
methods section were fit for each stud. Dam size and its interaction 
were not significant in either data set for dystocia. The analysis 
was then run again removing size of dam and its interaction from the 
model in the Midwest data to allow the use of all records, Table 20 
shows these results. The fixed effects age of dam, sex of calf and 
season were found significant for dystocia, in both data sets, along 
with the interaction of age of dam and sex of calf. The degrees of 
freedom for age of dam and season were broken down into orthogonal 
polynomials for the results in Tables 18, 19 and 20. Both the linear 
and quadratic polynomials were significant, when examining dystocia, 
for age of dam in both data sets as they were for seasons in Select; 
however, only the quadratic was significant for seasons in the Midwest 
data set. For calf size, the effect of size of dam was significant in 
both data sets and must reoain in the niodel whenever examining this 
trait. Age of dam, sex of calf and seasons are also significant 
sources of variation for calf size; however, the age of dam by sex of 
calf interaction was found significant only in the Midwest data. 
Least square constant estimates for the fixed effects found sig­
nificant in the above analyses are shown in Tables 2i and 22 for dysto 
cia and calf size, respectively. Age of dam and sex of calf estimates 
show the same results as seen %hen examining means earlier, in both 
data sets, for dystocia. The season estimates for dystocia show more 
problems in winter months, October through March, than the remainder 
of the year. These tesults may be just a function of the herdsman 
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Table 20. Analysis of fixed effects and sires for dystocia Ignoring 
dam size in Midwest data 
Source d.f. M.S. 
Age of Dam 
Calf Sex 
Season 
Linear 
Quad 
Linear 
Quad 
Cubic 
Sires 
Age of Dam • Calf Sex 
Residual 
1 
1 
1 
1 
1 
1 
3 
47 
2 
3880 
101.293*** 
176.669*** 
25.917*** 
89.800*** 
3.173*** 
0.136 
7.808*** 
1.575 
1.591*** 
11.359*** 
0.657 
*** 
Significant at P < 0.005. 
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Table 21. Least square constant estimates for dystocia by studs 
Source Constant Estimates 
Midwest Select 
Age of Dam 
1 
2 
>3 
Sex of Calf 
Male 
Female 
Season 
Jan. - Mar. 
Apr. - Jun. 
Jul. - Sep. 
Oct. - Dec. 
0.371 
-0.138 
-0.233 
0.159 
-0.159 
0.058 
-0.011 
-0.091 
0.044 
0.199 
-0.075 
-0.124 
0.059 
-0.059 
0.040 
-0.010 
-0.035 
0.005 
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Table 22. Least square constant estimates of calf size by studs 
Source Constant Estimates 
Midwest Select 
Age of Dam 
1 -0.171 -0.088 
2 0.020 0.044 
3 0.151 0.044 
Sex of Calf 
Male 0.163 0.085 
Female -0.163 -0.085 
Season 
Jan. - Mar. 0.040 -0.057 
Apr. - Jun. -0.042 -0.002 
Jul. - Sep. -0.020 -0.011 
Oct. - Dec. 0.022 0.048 
Size of Dam • Age of Cow 
Age Size Age 
1 2 0.163 2 -0.214* 
1 2 -0.030 2 0.008 
1 3 -0.133 3 0.206 
2 1 0.283 
2 2 -0.002 
2 3 -0.281 
3 1 0.171 
3 2 -0.055 
3 3 -0.116 
S^elect constant estimates are across ages not within. 
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being more available to pull calves during these months versus the 
busier summer months, A biological explanation may be the animals 
are in poorer condition for calving with the lack of exercise received 
during these months. Regardless of the cause for season differences, 
biological or management, corrections must be made for this effect 
when doing sire evaluation procedures. Constant estimates for the 
fixed effects age of dam and sex of calf follow the same trends in 
the calf size analysis as in that for dystocia in both data sets; how­
ever, only in Midwest data are the season estimates similar for both 
traits. In Select, more small calves were bom between January and 
March while in Midwest the largest season estimate is for this period 
of time. The subjective scoring problem, discussed earlier, for size 
of dam and calf size is again evident in the constant estimates as 
the trend in Midwest data shows larger dams having smaller calves. 
The reverse case is true in the Select data. 
Significant sire differences were found for both traits in both 
studs. Herltabilities and genetic correlations were calculated for 
dystocia and calf size using variance components estimated from 
fitting Model 1. These parameter estimates in Select data were; 
0 h'^  dystocia 0.05 + 0.022 
h'" calf size 
genetic correlation 0,89 + 0,170 
L he same parameter estimates in Midwest data were; 
9 h'^  dystocia 
calf size 
0,08 + 0,026 
0,15 + 0,052 
genetic correlation 0,97 ± 0,069 
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O 
The estimates of h from this analysis are not substantially different 
from those estimates from the between and within sire analysis, shown 
in Tables 11 and 12, even though a more complete model has been fit. 
The genetic correlations are very high in both data sets. This sug­
gest we may be measuring the same trait two ways; hence, more accurate 
predictions could be made for dystocia using calf size which has a 
higher heritability. This was suggested in the literature; however, 
when subjectively scoring calf size the heritability estimates are 
lower than for actual birth weight, hence just using this trait alone 
is not as appealing. Combining both traits ir. an index for estimating 
sires" breeding value for dystocia may be more beneficial than using 
either trait alone. 
An analysis was done in both data sets fitting calf size as an 
added independent variable. Tables 23 and 24 summarize these results 
in Midwest and Select data, respectively. Calf size becomes a pre­
dominant source of variation for dystocia when included in the model. 
Sex of calf remains significant in both data sets indicating differ­
ences between the sexes other than size affects ease of parturition. 
This difference could be structural; however, this speculation could 
not be determined from these data. The significance of age of dam and 
season were unaffected by the addition of calf size in the model. 
Size of dam becomes significant in the Midwest data set and sire dif­
ferences are no longer significant in either. Sire differences for 
dystocia are suspected of reflecting, largely, differences In sires 
for size of calf. 
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Table 23. Least squares analysis including calf size in Midwest data 
Source d.f. M.S. 
Age of Dam 2 26.883*** 
Calf Sex 1 2.663* 
Calf Size 4 40.053*** 
Season 3 4.609*** 
Dam Size/Age of Dam 6 1.382* 
Calf Sex • Age of Dam 2 0.749 
Calf Sex • Dam Size 6 0.502 
Calf Sex • Calf Size 4 0.555 
Calf Size * Age of Dam 8 12.331*** 
Sires 57 0.620 
Residual 1608 0.488 
* 
Significant at P < 0.05. 
— J • ' ^ ' .. Ts ^ r\ AAC signxiicaiiu au r u.uu^ . 
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Table 24. Least squares analysis including calf size in Select data 
Source d.f. M.S. 
Age of Dam 2 17.961*** 
Dam Size 2 0.662 
Calf Sex 1 4.770*** 
Season 3 1.133*** 
Calf Size 2 21.106*** 
Sires 66 0.296 
Age of Dam • Calf Size 4 6.237*** 
Age of Dam * Dam Size 4 0.134 
Age of Dam • Calf Sex 2 1.176** 
Calf Sex ' Dam Size 2 0.027 
Remainder 3550 0.224 
** 
Significant at P < 0.01. 
*** _ _ 
af H < II.IHITu 
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The complete least squares model for dystocia discussed in the 
1 
methods section contained the random interactions of sire by age of 
dam and sire by herd, A significant sire by age of dam interaction was 
suspected as being important since sire differences were reduced when 
their calving difficulty was examined in the older cow population. 
This interaction does not necessarily mean sires change rank across 
age groups, but rather are scaled closer together showing less variation 
in older cow subpopulations. Of more interest then statistical signifi­
cance of these interactions, is the effect of Including them in the 
model oil parameter estimates of sire variance and consequently, heri-
tability. 
An attempt was first made to fit both interaction together in the 
model: 
Y . 1  =  m e a n  +  h e r d s .  +  a g e  o f  d a m .  +  F ,  +  s i r e s .  
Ijklm i j k 1 
+ (herd • sire)^^ + (age of dam • sire) 
•f residual, 
xjiCxui 
is the set of all other fixed effects. The number of records per 
sire required was set to at least 50 for this analysis to insure good 
representation within Interaction subclasses and to reduce the coeffi­
cient matrix to a workable size. The determinant of the coefficient 
matrix went to zero under this Hiodel randsiring the resuite invalid. 
The two interactions were analyzed separately. The herd by sire 
interaction was first examined, Using the present programs available 
a two step procedure is required involving differences due to reduction 
from fitting two models. The first model ignores the random interaction; 
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Y . -  =  m e a n  +  h e r d .  +  F .  +  s i r e ,  +  r e s i d u a l . , ,  .  
ijkl 1 ] k tjkl 
The mean plus herd effects must be absorbed to reduce the coefficient 
matrix to a workable size. The total reduction in sums of squares 
from this model is R(mean, herds, F, sires) leaving the error sums of 
squares as the total sums of squares minus the reduction. These error 
sums of squares will be termed E^, The second model fit Includes the 
interaction: 
Y. , = mean + herd. + F. + sire, + (herd ' sire)., + residual.^  i]kl i j k ik ijkl 
To accomplish this analysis, both herds and sires must be absorbed 
along with the mean. By absorbing both main effects we also absorb 
their interaction so the reduction sums of squares is R(mean, herds, F, 
sires, herd • sire). The error sums of squares again is the total 
sums of squares minus reduction and is termed E^ . The sums of squares 
and degrees of freedom associated with the interaction are then 
calculated by differences. The sums of squares for the interaction is 
- E^ . The degrees of freedom (d.f.) are the d.f, from the residual 
in the first model minus the d.f. of the residual in second model. 
The age of dam by sire interaction was analyzed using the same proce­
dure; however, since absorption is required to fit the analysis, herds 
must be ignored. 
Tablcc 25 and 26 contain the ANOVA tables for the analysis 
fitting the sire by herd interaction for Midwest and Select, respec­
tively. The expectation of mean squares for this analysis are shown in 
Table 27, The values or the coefficients, k^ 's, shown in the expecta­
tions are; 
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Table 25. ANOVA table for model containing herd by sire Interaction in 
Midwest data 
Source d.f, M.S. 
Age of Dam 2 42.122*** 
Calf Sex 1 36.684*** 
Season 3 0.862 
Sires 53 1.593*** 
Herd x Sire 2169 0.681* 
Age of Dam x Calf Sex 2 9.866*** 
Age of Dam x Season 6 0.506 
Residual 1711 0.627 
* 
Significant at P < 0.05. 
*** 
Significant at P < 0.005. 
Table 26. ANOVA table for model containing herd by sire interaction in 
Select data 
Sgujtcc d.f. M.S. 
Age of Dam 2 13.942*** 
Calf Sex 1 7.537*** 
Sires 66 0.783*** 
Season 3 0.636* 
Herd x Sire 1246 0.258* 
Age of Dam x Calf Sex 2 1.540—" 
Residual 2318 0.220 
* 
Significant at P < 0.05. 
*** _ Significant at f < O.OO3. 
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Table 27. Expected mean squares for analysis with herd x sire 
interaction included in model 
Source E,M,S. 
F* 
e 
+ Ka^ 
Sires 
e 
+ 
Herd x Sire 
e 
Residual ,2 
e 
F^ixed affects fit in model. 
Square deviations of treatment means. 
Midwest Select 
^1 1.6619 2.3961 
k2 1.7461 3.1749 
^3 69.7570 47.4108 
The herd by sire interaction was significant (P < 0.05) in both data 
sets; however, with the large number of d.f. associated with the inter­
action and error Lerm any slight difference is statisfirally real. 
This interaction accounted for only 4.7 and 6.6% of the total variation 
in Midwest and Select data, respectively. Heritability estimates for 
the two data sets were 0.078 (Midwest) and 0.038 (Select) as compared 
to 0.080 and 0,050 when ignoring the interaction. 
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The sire by age of dam interaction was examined only in the 
Midwest data where sires are well represented across age groups. 
Previously, in the between and within analyses for Select data problems 
occurred due to small numbers of progeny per sire within these age 
subclasses. The expectations of mean squares are similar to those 
shown in Table 27, The coefficient values are; 
30.1418 
k, 40.2687 
kg 99.3703 
More records were available in this analysis as those without unique 
herd identification could be used since herds were ignored. Table 28 
shows the results of this analysis. Age of dam by sire Interaction 
was highly significant (P < 0.005) but accounted for 2% of the total 
variation. Heritability of dystocia in this analysis was 0.061. A 
problem with comparisons with this analysis is the inflation of the 
error mean square which occurs with herds being ignored. There does 
not appear to be any drastic changes in parameter estimates when one 
Includes these interactions in the model. Kelleher, 1964, showed the 
2 
loss of accuracy in estimating the variance component introduced 
by ignoring the random interaction of sires with a fixed effect is 
nominal if there is reasonable distribution of offspring across the 
subclasses of the fixed effect. These two interactions will be ignored 
in further analyses. 
An analysis was done on dystocia within first calf heifers with 
bulls having 8 or more offspring, in the Midwest data set. The results 
are shown in Table 29 using the model; 
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Table 28. Analysis fitting age of dam by aire interaction in 
Midwest data 
Source d.f. M.S. 
Age of Dam 2 150.876*** 
Calf Sex 1 105.872*** 
Season 3 7.099*** 
Sires 51 2.293*** 
Age of Dam x Calf Sex 2 10.339*** 
Age of Dam x Season 6 0.304 
Age of Dam x Sire 100 1.063*** 
Residual 5147 0.726 
*** Significant at P < 0.005. 
Table 29. Analysis of dystocia in first calf heifers in Midwest data 
Source d.f. M.S. 
Calf Sex 1 57.715*** 
Season 3 18.378*** 
Sires ^8 2.250*** 
Residual 910 1.128 
Significant at P < 0.005. 
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Y , - = mean + herd. + sex, + season, + sire, + residual,., -ijklm i j k 1 ijklm 
The mean and herds were absorbed. The main concern for fitting this 
model was to get sire constant estimates for future comparisons. The 
' 2  h from this analysis was 0.20 + 0.079 which is comparable to the esti­
mate shown in Table 11 from the between and within analysis on first 
calf heifer records. 
The final calculations, done in this step of analysis, were con­
cerned with the phenotypic correlations among the variables. Table 30 
summarizes these correlations for both studs. There is fair agreement 
between studs' correlations with a trend towards higher values in 
Midwest. There are the expected discrepancies between correlations 
involving the size variables, negative correlations of age of dam and 
size of dam with size of calf in the Midwest data. 
Comparison of Sire Evaluation Procedures 
The mixed model iterative procedure was applied to the model; 
Yijklm . w + h^  + aSj + t^  + s^ + 
where 
^ijklm ^ dependent variable dystocia, 
y = overall mean, 
t-h . 
= 1 tierd errecc, 
aSj = the age of dam, sex of calf subclass effect, 
t  ^= the season effect, 
s^ = the l*"^ sire effect, 
e,,,_ = error associated with each observation. 
ijklm 
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Table 30. Phenotyplc correlations 
Calf Size Dam Size Dam Age Gestation Sex of 
Length Calf 
Dystocia 0.33* 0.09 -0.28 0.10 -0.19^  
0.16^  -0.06 -0.20 0.04 -0.07 
Calf Size -0.18 0.23 0.29 -0.23 
0.28 0.20 0.18 -0.13 
Dam Size -0.24 -0.04 0.02 
0.34 0.09 -0.00 
Dam Age 0.11 0.01 
0.09 -0.05 
Gestation 
Length -0.11 
-0.05 
^Midwest results. (1st row for each correlation) 
^Males scored as 1, females as 2. 
S^elect results. (2nd row for each correlation) 
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The Iteration was started with a ratio value of 48.0, the appropriate 
ratio for ah of 0.08. The final ratio value was 49.1. There were 
76 sires and 460 herd represented in the 9857 total pre-recommendation 
data. The standard error ranged from 0,037 (790 observations) to 
0.107 (13 observations) for the sire estimates. Standard errors and 
accuracy of breeding value estimates will be discussed later in the 
results. 
The same model with the addition of dam size within age of dam 
was fit for calf size. Because of the lack of dam size in some records 
only 7388 records were available in the 460 herds and 3 sires had to be 
dropped from the analysis due to no progeny left in the data set. The 
final ratio value from this procedure was 20.92 giving a h of 0.18. 
The final set of sire estimates using all records for dystocia in 
a mixed model procedure were those from the unequal variance analysis. 
In this procedure, observations were weighted by their appropriate age 
of dan by sirp. subclass variance estimated as discussed in the methods 
section. 
Selection index estimates of sires breeding values for dystocia 
where calculated using records from the pre-recommendation data. The 
records were corrected for age of dam, sex of calf and season for 
dystocia and the same eilecLB plus size of das for calf size. The 
constant estimates for fixed effects used to correct the dystocia and 
calf size observations came from the first two mixed model procedures 
discussed in this section, 
Sire estimates using records from the first calf heifer population 
were calculated using the model". 
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^ijklm =  ^ \ ^ + =1 + =ljklm 
where Y..,. , y, h., t. , s, and e.^  are the same and x. is the ijklm i' k 1 ijklm ] 
sex effect. The iterative procedure was used on the 2771 available 
first calf heifer records in 359 herds for the same 76 sires used in 
the similar analysis using all records. The final ratio was 38.7 
giving a h^ of 0.10. This h^  is quite a bit different from other h^'s 
using first calf records which ranged from 0.17 to 0.20. As shown in 
the methods section, the variance components are estimated as a func­
tion of the effects estimated in the model. The random effect esti­
mates, sires, are heavily regressed due to the small number of offspring 
per sire in the first calf heifer population (33% of the sires having 
25 or less records). This regressing reduces the variation between 
2 " 2  
sires, a^ , and in turn h , 
The rank of sires by each procedure was of more importance than 
individual sire values in this study. During the period of this study, 
it appeared as if individual studs might be processing their own dysto­
cia data. It was of interest to determine how close simple methods of 
evaluation would rank sires compared to the more sophisticated statis­
tical procedures such as the mixed model approaches. As a base for 
comparison the rank obtained from the unequal variance method was 
assumed to be optimum. This a-ay and «.ay net be the case as the variance 
estimates used to weight the observations were themselves subject to 
error of estimation. An assumption of the analysis is that these values 
were known parameters. There were a total of seven sets of sire esti­
mates designated as follows: 
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Method 
1 unequal variance mixed model (dystocia) 
2 iterative mixed model (dystocia) 
3 iterative mixed model (calf size) 
4 selection index 
5 least squares (all records) 
6 iterative mixed model (first calf heifers) 
7 least squares (first calf heifers) 
All procedures rank sires with respect to dystocia except method 3 
which is a rank of sires using calf size information only. 
Table 31 contains the rank correlations of interest. With the 
exception of method 2, which has a correlation of 0.947 with method 1, 
there is much variation in the ranks of other procedures as compared 
to the optimum. The correlation between ranks of sires using the same 
procedure, iterative mixed model, for calf size and calving difficulty, 
method 2 and 3, is only 0.74. With these data it appears ranking 
on calf size alone does not do a very good job of ranking sires with 
respect to dystocia. Least squares procedures consider sires as fixed 
and are not regressed for numbers. The rank correlation with this 
procedure, method 5, with methods 1 and 2 are 74.2 and 81.4, respec­
tively. If the esLliuàtes from msthcd 5 are regressed for number of 
daughters per sire, the rank correlation between method 5 and 2 
increases from 0,81 to 0.89. The selection index ranking is slightly 
more correlated with methods 2 and 3 than least squares unregressed as 
expected since it accounts for numbers and combines information of the 
7 5  
Table 31. Rank correlations among methods of sire evaluation 
Method 1 Method 2 Method 6 
Method 2 0.947 
Method 3 0,684 .739 
Method 4 0.763 .841 
Method 5 0.742 .814 
Method 6 0.621 .795 
Method 7 0.523 0.775 
7 6  
two traits. The rank correlations are the lowest between estimates 
using only first calf records and method 1, A rank correlation of 
0,795 is obtained between method 2 and 6 which are identical procedures 
using all data, method 2, and only first calf, method 6. 
The purpose of ranking sires, for the trait dystocia, is not to 
determine which bulls to select or cull from the stud but rather which 
to recommend for usage on first calf heifers. Assuming that approxi­
mately 25% of the cow population are replacement first calf heifers 
and one-fourth of the studs sires are needed to breed them, the sires 
were divided into quartiles with the following recommendations ; 
top 25% Recommended for use on first calf heifers 
2nd 25% May be used on first calf heifers 
remaining 50% Do not use on first calf heifers 
Since rank changes within a quartile are not consequential to the par­
ticular sire's recommendation, the ranks were again examined by proce­
dures to deterininp. the amount of shifting across quartiles. When 
comparing methods 1 and 2, no bulls changed more than one quartile. 
The changes observed were; 
(1) 4 bulls moved from the first to second quartile 
and visa versa 
(2) 4 bulls moved from the aecoad to third quartile 
and visa versa 
(3) 2 bulls moved from the third to fourth quartile 
and visa versa 
The selection index, which had the second best rank correlation with 
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method 1, had 6 bulls completely jump one quartlle, Rankings from 
method 3, calf size only, had 10 bulls completely move over one quar­
tlle and 1 bull move from the top 25% to the bottom 25%, Comparing 
estimates for sires from first calf records, method 6, to method 1 
showed 13 sires jumping over one quartlle and 1 moving from the top 
to bottom quartlle. It is apparent that, under the assumption that 
method 1 and 2 are the most accurate, other methods result in gross 
misclassiflcatlon of sires in comparison. 
Future Sire Analysis 
About 3700 records in the Midwest data were contained in the post-
recommendation period. Twenty-seven sires, who also appeared in the 
pre-recommendation segment of data, were represented in this segment 
of data with 10 or more offspring with the following distribution of 
numbers : 
<50 offspring 6 sires 
3G-2CG offspring 12 ciref 
>200 offspring 9 sires 
To determine the effectiveness of recommendations that would have been 
made following procedures discussed earlier, distributions of records 
of sires by quartiles in the future data were examined. Tables 32 
through 34 show the percentage of dystocia scores of 3 or greater and 
of 4 or greater for all procedures by quartiles, labeled groups 1 to 
4, for the three age of dam subclasses, respectively, Table 35 contains 
the means of sire means using records adjusted for age of dam, sex of 
calf and season for sires in each group. The results show fairly 
Table 32. Percent caJ.ving difficulty b> recommendation groups in the post-recommendation data in 
Midwest for first calf heifeif. 
>3 
1 
>3 
2 
>4 >3 
Methods 
3 4 
>4 >3 24 >3 
5 
>4 >3 
6 
>4 >3 
7 
>4 
1^  22.5% 10.1 21.8 9.8 26.9 12.5 22.9 9.9 17.2 3.4 24.4 10.3 29.5 13.6 
2 28.2 11.6 20,5 11.4 27.3 11.8 24.7 8.2 27.9 12.3 29.6 13.9 28.5 12.9 
3 33.9 18.8 32 .,4 16,2 26.4 12.9 38.1 21.0 33.8 22.2 31.1 14.2 31.6 14.4 
/'• 39.8 21.5 39., 7 21.3 37.5 19.6 37.1 19.7 38.6 18.4 39.1 23.0 29.3 19.5 
G^roup numbers. 
Table 33. Percent calving difficulty by recommendation groups in the post-recommendation data in 
Midwest for second calf heifars 
1 
>3 >4 
2 
>3 >4 
3 
>3 
Methods 
4 
>4 >3 >4 
5 
>3 >4 
6 
>3 >4 
7 
>3 >4 
6.9% 2.6 7.1 3.0 5.3 1.8 4.9 2.0 11.4 7.6 8.6 3.0 7.2 3.6 
2 10.0 5.0 Î1.2 3.6 7.3 3.3 8.1 3.3 8.(3 4.3 13.4 3.3 9.6 4.4 
3 15.9 6.9 13.6 5.7 14.2 4.8 15.6 6.5 12.7 5.5 13.1 5.0 10.6 5.6 
4 16.2 8.1 12.5 6.2 13.5 7.0 12.8 6.9 15.4 6.5 11.3 6.8 14.1 5.8 
^Group numbers. 
Table 34. Percent c,living difficulty by recommendation groups in the post-recommendation data in 
Midwest for cows hsvlng their third or more calf 
>3 
1 
>4 >3 
2 
>4 
î 
>3 
Methods 
4 
>4 >3 >4 >3 
5 
>4 >3 
6 
>4 >3 
7 
>4 
1® 4.3% 1.1 4,9 1.2; 4.8 1.6 3.9 0.6 4.2 1.2 5.4 1,0 2.8 0.7 
2 8.4 2.1 6.0 1.5 5.3 1.2 6.2 1.4 5.2 1.0 8.8 3.6 6.8 1.7 
3 5.5 0-5 5.1 0.5 5.7 0.0 6.2 1.4 11.7 1.7 5.0 lu3 5.7 1.6 
4 10.1 3.5 10.4 3.5 10.0 3.5 11.8 4.2 9.3 4.3 10.4 3.1 12.9 4.1 
G^roup numbers. 
Table 35. Group means of adjusted si:e means for dystocia in future data 
1 2 
Method 
3 4 5 6 7 
la 1.369 1.412 1 .403 1. 335 1.403 1. 425 1.354 
2 1.413 1.405 1 .425 1. 443 1.426 1. 455 1.502 
3 1.499 1.453 1 .479 1. 516 1.478 1. 473 1.440 
4 1.547 1.540 1 .643 1. 548 1.643 1. 534 1.613 
^Group numbers. 
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distinct differences in the percentage of difficulty experienced in 
each group, for all methods except 3 and 7, when examining first calf 
heifer records. There is more than twice as much extreme difficulty 
(>4) in the group 4 bull records as in group 1 in methods 1, 2, 4, 5 
and 6. Results from least squares using all records, method 5, showed 
the least amount of problems in group one bulls; however, the means in 
groups, table 35, does not reflect this superiority. Only three bulls 
would have been recommended using this procedure, one being the best 
bull by all procedures and the other two average, hence the results are 
somewhat misleading. The differences in percent difficulty between 
groups declines in second calf heifers and is virtually non-existent 
in the older cows indicating again the importance of the problem being 
centered in the first calf heifer population. Ranking bulls for calf 
size only, method 3, did not allow for adequate recommendations to be 
made as there are no differences between the percent difficulty for 
the first three sire groups ; table 32. 
The recommendations for each procedure were made ignoring the 
accuracy of the breeding value estimates and their standard errors. 
In practice these statistics of reliability should be considered very 
seriously before making recommendations. Table 36 shows the accuracy 
•T' 2  ^
associated with various number o£ offspring with a h uf 0.08. Ar. 
accuracy of 0.82 is associated with 100 offspring while the standard 
error of an estimated breeding value of a bull, using the mixed model 
iterative procedure, with 100 offspring was 0.07, The standard errors 
of estimates are large, with small numbers of offspring, giving a large 
range over the 95% confidence interval of the estimate. This means the 
81 
2 Table 36. Accuracy of sire breeding values using h • 0,08 
Progeny Number Accuracy ^  
10 0.41 
30 0.61 
50 0.71 
100 0.82 
500 0.95 
1000 0.98 
^Accuracy = [(nh^)/(4 + (n -
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confidence interval may span several recommendation groups. Bulls 
should probably not be recommended until the confidence interval of 
their estimate does not overlap several groups. 
The mixed model iterative procedure was done for the post-
recommendation data with the 27 sires. The product moment correlation 
between these estimates and those from pre-recommendation analysis by 
the same procedure, method 2, was 0.724 and the rank correlation was 
0,730. The results indicate a degree of repeatability across the two 
independent data segments of sire estimates which will allow for pre­
diction of future records and some control over dystocia. 
Dystocia as a Trait of the Dam 
The last major question of concern in this study revolves around 
dystocia as a trait of the dam and the effect of the dam's sire. The 
analysis was aimed at determining if calves sired by bulls recommended for 
use with respect to dystocia experience excessive difficulty when they 
mature and Decome dams. A least squarcc analysis t-72s f-ii-sr none to 
determine the significance of the fixed effects, age of dam, sex of calf, 
season, size of dam and the interaction age of dam by sex of calf on dys­
tocia as a trait of the dam. The significant effects were then fitted in 
a mixed model iterative procedure for estimating maternal grand sires 
genetic merit for dystocia. The ranking of bulls who appear as both 
sire of calf and sire of dam in the data set are compared. A negative 
correlation between the rank of these bulls examined as sires of dams 
and the rank of the same bulls as sires of calves would indicate that 
in fact calves born easily have difficulty calving when they become 
S3 
dams. The records used in the mixed model procedure were first cor­
rected for sire of calf effects using sire estimates from method 1, 
Table 37 contains the results for the least squares analysis after 
absorbing the mean, herds and sire of calf effects. There were 81 
sire of dams with 20 or more offspring used in this analysis. All 
effects fit were significant (P < 0,005). Of the 81 sires, 39 
appeared as maternal grand sires and sires with 10 or more records to 
allow comparisons of estimates from the iterative mixed model procedure. 
The h of dystocia as a trait of the dam was 0.11, slightly higher than 
that considering difficulty as a trait of the calf. The rank and 
product moment correlation between estimates of sires' genetic merit 
for dystocia as a trait of the dam and of the calf were 0.16 and 0.23. 
These correlations are not significantly different from zero 
indicating we are investigating two somewhat independent traits. 
This suggests we will not compound the problem of dystocia by recom-
r.ending sires, who sire calves born easily, to be used on first calf 
heifers. 
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Table 37. Analysis of variance for dystocia as a trait of the dam 
Source d,f, M,S, 
Age of Dam 2 78,075*** 
Sex of Calf 1 64.153*** 
Size of Dam/Age of Dam 6 2.052*** 
Season 3 2.215*** 
Sire of Dam 80 1,390*** 
Age of Dam • Sex of Calf 2 10.359*** 
Remainder 3709 9.651 
*** 
P < .005. 
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CONCLUSIONS 
Several problems were of interest in this study concerning dystocia 
examined within a single breed. The first problem was characterizing 
effects causing variation in dystocia to determine which effects the 
records must be adjusted for in evaluating sire breeding values. 
Secondly, was there enough .genetic variation for calving difficulty 
present, within the breed, to allow effective recommendation to be 
made. The third major area was to determine if simple analyses could 
be done to estimate sire breeding values as accurately as the more 
sophisticated methods available so as to allow studs, without the com­
puter hardware, to easily evaluate their sires for recommendations. 
Also, was there any degree of repeatability of sire performance in 
Independent data to lend confidence to the idea of reducing the dystocia 
problem through recommended matings. The final question of concern 
was whether through recommendation of bulls who sire easy calving 
offspring we were in fact creating an animal who was ùeaLiùed to 
experience excessive dystocia when it calves. 
The following conclusions were drawn from the results obtained in 
this study: 
1. There are several effects for which corrections must be made 
on the data to allow for accurate sire evaluations. With the 
non-random usage of sires across age of dam subclasses, it is 
important to adjust records for this variable as it is a 
major source of variation. Se:: of calf sdjusttnents should be 
made on records, especially when there are relatively few 
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offspring per sire, As numbers increase and the sex ratio 
balances, these corrections will cancel and hence are not as 
important unless one feels there are differences among sires 
for the sex ratio in their data. For field collected data, 
season adjustments are necessary, in more controlled experi­
ments, this effect may not be significant if the management 
cause of season differences discussed earlier is the predom­
inant factor affecting this variable, 
"2 
An h , significantly different from zero, of 0.08 seems reason-
able for dystocia using all records. With this low an h 
many numbers are required to accurately ascertain a sire's 
breeding value, Also, this indicates a large variation within 
sires, so totally eliminating dystocia in the population 
through recommendations is unlikely. 
Rank correlations obtained among the methods of sire evaluation 
indicate that simpler methods of evaluating sires do not com­
pare well enough to warrant their use. Also, use of all age 
of dam adjusted records available may be necessary to insure 
an ample number of records per sire as opposed to just using 
first calf heifer records. 
Ranking sires for rcccrsaendstions using just calf size infor-
mation does not appear desirable from comparisons. The h of 
calf size, subjectively scored in the field, of 0,18, is much 
lower than that cited in the literature for actual birth 
weight. 
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Although problems still appear in the recommended groups of 
sires the reduction is substantial enough to consider making 
appropriate recommendation justifiable. There is a 50% 
reduction in the number of scores of 4 or 5, in the first 
calf heifer population, between recommended groups and not 
recommended groups in most procedures analyzed. 
There does not appear to be any more difficulty experienced 
by dams sired by sires recommended for ease of calving when 
they calve. These data show we are not compounding the 
dystocia problem through sire recommendations. 
There is a good correlation between sire estimates from 
independent data sets, pre- and post'-recommendation data in 
Midwest data. These results lend confidence to the predic­
tive value of future records of sires for dystocia. 
It is recommended not to select bulls on their dystocia 
merits but rather make selective matings to cow population 
segments with bulls already selected for milk production. 
This will not make any real change in the genetic gain for 
milk production. 
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SUMMARY 
Approximately 5,000 and 16,000 records of parturition from Hol-
steins were collected, through cooperating dairymen, by Select Sires, 
Inc. and Midwest Breeders Cooperative, respectively. In both data sets 
the records contained; age of dam, sex of calf, herd and sire identi­
fications, bred and fresh dates along with the subjective scores of 
dystocia, calf size and dam size. Dystocia and calf size were scored 
on a range of 1 to 5 in the Midwest data and 1 to 4 and 1 to 3, respec­
tively, in the Select data. Dam size was scored on a 1 to 3 range in 
both data sets; however, scoring was done within age of dam in Midwest 
and across ages in Select. Each presentation was classified as either 
normal or otherwise (i.e., cow sick) and most analyses used those pre­
sentations which were normal. The Midwest data was divided into two 
segments, one before mating recommendations were made for sire use, one 
after pre- and post-recommendation. 
ihe results uZ Li.e analyses cn dystocia. In bnrh ciata sets, showed 
significant age of dam, sex of calf, season, calf size, herd and sire 
differences. The fixed Interaction between age and sex was significant 
along with the random interactions, herd by sire and age by sire. The 
random interactions accounted for a very small percentage of the total 
variation. Neither size of dam nor its two-way interactions were found 
significant. Primiparous heifers experienced the most difficulty during 
parturition as did male calves in comparison to females. More dystocia 
was found in the winter seasons, spanning the months October through 
March, than summer. A significant linear effect was found in both data 
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sets between gestation length and dystocia, Heritability estimates for 
dystocia were 0,08 and 0,05 using all records and 0,18 and 0,36 using 
first calf heifer records only for Midwest and Select data, respectively. 
The number of first calf heifer records was small, in the Select data, 
resulting in a large standard error for the heritability estimate. 
Analyses on calf size showed the same main effects significant as 
found for dystocia with the addition of dam size. The heritability of 
calf size was approximately 0.18 in both data sets. The genetic corre­
lation between calf size and dystocia was 0.89 and 0.96 in the Select 
and Midwest data, respectively. 
There were larger herd and location of herd differences for 
dystocia and calf size in Select data than in Midwest as expected due 
to the larger geographical area represented in that data set. The 
percent of variation attributed to herds did not decrease as herds with 
a low percentage of calf reportings were eliminated from analyses. 
This result reduced the concern that many herdsmen may only be 
reporting difficult births. 
Several methods of estimation of sire breeding values for dystocia 
were examined in this study and the rankings from each compared. The 
method of mixed model estimation with unequal variance was considered 
to give the optimum ranking. Ail mixed model ptocedures contained the 
matrix of Wright's relationships among sires. The mixed model unequal 
variance and mixed model equal variance procedures had the highest rank 
correlation, 0,95, Gross misclassifications occurred using the methods 
of least squares estimation and selection index as compared to the 
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mixed model procedures. There were also large rank differences when 
comparing the sire rankings for the traits calf size and dystocia indi^ 
eating calf size although highly correlated with dystocia cannot be 
used alone to classify bulls for dystocia. 
Bulls were divided into recommendation groups using estimates from 
each procedure. The post-recommendation data was used, in Midwest, to 
test the repeatability of performance of recommended bulls on an inde­
pendent data set. Most procedures were successful in showing less 
dystocia in the groups recommended for use on first calf heifers. 
Selection should not be done on bulls with respect to dystocia as a 
criterion for entering the stud as an A.I, bull. Bulls should still be 
selected for production and evaluated for dystocia so as to make recom­
mendations. 
When examining dystocia as a trait of the dam, a higher herita-
bility, 0.11, was found using all records. Dam size is a significant 
factor when examining dystocia this way. The rank correlation between 
bulls appearing as grandsires and sires, in the Midwest data, was not 
significantly different from zero. A large negative rank correlation 
would indicate calves which are born easily have excessive difficulty 
during parturition when they in turn become dams. The indication in 
these data is dystocia aa a txait of the dam and again ac a trait of 
the calf may be two different traits. 
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APPENDIX 1 
Derivations of parts of selection index equations. 
1. Variance of a mean 
VCX) = V((X^ + Xg V •" + X^)/N) 
= C1/N^)V(X^ + + •'• + Xjj) 
assume V(X^) = V(X^,) where 1 ^  1' 
= (1/N^)(NV(X.) + N(N-1)C0V(X^,X..)) 
= (1/N)(V(X^) + (N - 1)C0V(X^,X^J) 
however X^ and X^, are paternal half sibs, therefore COV(X^,X^^) = 
V(A)/4 where V(A) is the additive genetic variance. 
= (1/N)(V(X^) + (N - l)V(A)/4)) 
divide by V(X^) and factor out 1/4 
= ^  (4 + (N - 1)V(A)/V(X^)) 
now V(A)/V(X ) = h^ 
= ^  (4 + (N - l)h^ 
2. Covariance between means of 2 traits 
GOVCr.Xg) = COVCCX^j^ + X^2 + + X^^)/N, (X^^ ^ 
• ^  COV(Xll + %12 + *21 + %22 + + V 
assume C0V(X^^,X2j) = COVCX^^iXgj*) ~ COVvX^^^jX^^) - COVCX^^^ 
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where i ^ i' and j f 
- p O^covfXii.Xzj)) 
= COVCX^^.Xgj) 
Covariance between the mean phenotypic value of a trait and the 
sires' breeding value for the same trait. 
COV(X^,G^) = COV((X^^ + X^2 + ••• + Xj^^/N), G^) 
i COV(X^ + X^2 + ••• + x^,, G^) 
assume COV(X^^,G^) = COV(X^^,,G^) where i ^  1' 
J (N COV(Xj^^,Gj)) 
- COV(Xii.Gi) 
Covariance between the mean phenotypic value of a trait and the 
sires' breeding value of a different trait. 
COVfXg.G^) = COVfXg^.G^) using the same aguments in 3. 
The covariance of a phenotypic observation of an offspring for one 
trait and the parents' breeding value for another is 1/2 COVCA^.Ag) 
where COVCA j^A^) is the additive genetic covariance between trait 
1 and 2. 
Also COVfS^.Sg), the sire covariance for two traits, is 
1/4 COVCA^.A^), 
therefore 
COVfXg^.G^) = 2 COVCS^sS^) 
96 
APPENDIX 2 
Absorption done computationally as described by Lentz et ad., 
1969, and again using Q = I -<- ^X^ as shown in the reduced nor­
mal equations: 
x^qxg X^QZ 
0 
b X^QY 
Z'QXg 
2 
Z'QZ + -J 
°s 
U Z^QY 
The simple example used considers n offspring of two sires distributed 
over 2 herds. The model is; 
Y, = mean + herds. + sires. + error.., 
ijk 1 j 13k 
The dystocia observations for the example are distributed as follows: 
sire 1 sire 2 
herd 1 
herd 2 
1 
1 
3 
4 
2 
2 
1 
1 
1 
2 
Computational Absorption 
Computationally herds are absorbed one at a time, Building the 
sire equations from records in the first herd ve get: 
3S^ + OS^ + 3h = 5 
OS^ + 2S2 + 2h = 3 
3S + ZSg + 5h = 8 
To absorb the herd effects in the sire equations; 
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1. divide each coefficient of h in the last column by the number 
of individuals appearing in the herd, 
3S^ + OSg +  0.6h = 5 
OS^ + 2S + 0.4h = 3 
3S^ + 2Sg + l.Oh = 8 
2. from each coefficient in the sire equations subtract the pro­
duct of the new herd coefficient times the coefficient of the 
sire found in the last row. Also, treat the light hand sires 
as another term in the equation. 
[3-  (3x0.6) ]s^+ [O - (2:0,6)]S + [0.6 - (lx0.6)]h= [5- (8x0.6)] 
[O- (3x0.4)]s^+ [2- (2x0.4)]S2+ [0.4- (lx0.4)]h= [3- (8x0.4)] 
[3-(3xl)]Sj^ +[2-(2x1)]S2 +[l-(lxl)]h =[8-(8x1)] 
giving 
1.2S^ - I.2S2 + Oh = 0.2 
~1.2S^ + I.2S2 + Oh = -0.2 
OS, + OS- + Oh = 0 
X L 
Repeating the process for the second herd we get as our final sire 
equations: 
2.45^ - 2.48^ = 2.2 
-2.4S^ + 2.4S2 = -2.2 
Absorption Using Matrices 
Considering the same example using matrix algebra we have the 
model: 
y = Xh + Zs + e 
The matrices are; 
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y = 1 X = 1 0 z = 1 0 
1 1 0 1 0 
3 1 0 1 0 
2 1 0 0 1 
1 1 0 0 1 
4 0 1 1 0 
2 0 1 1 0 
1 0 1 0 1 
1 0 1 0 1 
2 
1 
Q 1 0 1 
The normal equations are; 
X'X X'Z h = X'y 
Z'X Z'Z s Z'y 
s = 
If we absorb herd equations into the sire equations the resulting 
normal equations are: 
Z'QZs = Z'Qy 
Solving for Q 
K-X 
(X'%) - X  
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X(X'X)'^ X' , 2  
( . 2 )  
( . 2 )  
.2 
Q = I - X(X'X)~^X' . 8  
, 2  
.(.2) 
( . 2 )  '  
. 2  
•  ( - .2 )1  
( - .2)  '  I 
. 8  
. 8  
' . ( - , 2 )  
( - . 2 )  •  
. 8  
The absorbed coefficient matrix and right hand sides are; 
Z'QZ = 2.4 -2.4 
-2=4 2.4 
Z'Qy = 2 . 2  
-i.. L 
The example demonstrates the two procedures of absorption produce the 
same results. Since there are 400 herds in the fôidwest data the proce­
dure of absorbing one herd at a time was more efficient in saving 
computer storage space. 
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APPENDIX 3 
Comments concerning the quadratics and S^. 
If we work with the model; 
y =• Xb + Zu + e 
The normal equations are: 
X'X X'Z CT*
 > 
* 
X-y 
s —1 
Z"X A 
1 
u 2'y 
s 
We will not consider the case of reducing the normal equations by 
absorption so is then equal to; 
= y'y - b'X'^y - u'^Z'y - u'ur 
is the error sums of squares (E.S.S.). We usually think of E.S.S. 
as being the total sums of squares minus the reduction sums of squares 
for fitting a given model, The reduction sums of squares are b'X'y and 
u'Z'y, the estimates times the right hand sides. This quadratic also 
contains the term u'ur which is necessary to account for the regression 
affect of augmenting the diagonal of the random component with r. The 
following exhibits this regression affect taking the i^^ diagonal 
element of the random component sires and expanding as: 
o2 
("i + r)"i = ("i + 3) 
(*l°s + u. 
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2 2 2 
"i*s + *T *s 
u 
1 
s 
ffm is the total variance which is equal to 
e s 
"1*6 + 4/*ï 
4/a 2 i 
n^h^ + 4 - h^ 
The right hand side of the normal equations corresponding to the i^^ 
sire is equal to n^- (progeny average for the i^^ sire), Therefore 
2 9 
n^h + 4 - h 
2 "i ~ "i*(progeny average) 
"i " 
«ih 
4 + (n^ - l)h 
2 -(progeny average) 
An example to show that Is in fact the error sums of squares wiii be 
done. Considering 2 offspring per sire in each of 2 herds. Our 
equations are: 
' 2  1 0* 4* "1 0' 
1 1 0 s 1 0 
2 1 0 0 1 
3 1 0 0 1 
2 0 1 1 0 
1 0 1 1 0 
3 0 1 0 1 
4 0 1 0 1 
"1 
"2 
+ e 
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where e is an 8 x 1 vector. Letting r 10 our nomal equations are; 
1 0 
4 
2 
2 
2 
2 
14 
0 14 
8 
10 
6 
12 
The solutions are; 
h^ = 2,0 
hg = 2.5 
= -3/14 
ûg = 3/14 
The predicted values of y are; 
y = Xb + Zu 
The error vector Is calculated as: 
e = y - y 
We can now calculate the terms; 
e'e = 4.7960 
y'y = 48.0 
b'X'y = 41.0 
uZ'y = 1.2857 
u'ur = 0.9183 
New = 48cO - 41.0 - 1.2857 - 0.9183 = 4.796 which agrees with the 
actual estimate of the error sums of squares. 
